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A  XEW  FORM  OF  UGHT  FILTER  FOR  USE  IN 
EXAMIKINO  FLAME  COLORATIONS 

Thin  transparent  sheets  of  celluloid  stained 
so  as  to  gire  deep  absorption  spectra,  like  solu- 
tions of  methyl  violet  and  aniline  blue,  absorb 
the  orange  and  yellow  of  the  spectrum.  The 
blue  screen  absorbs  strongly  from  about  23 
(in  the  spectrum  scale  having  D  at  50)  to  60, 
that  is,  including  the  orange-red,  the  orange 
and  half  the  yellow.  The  violet  screen  absorbs 
strongly  from  about  88  to  70,  that  is,  the 
orange  and  the  yellow.  The  sodium  line  at 
50  is  therefore  absorbed  by  both  screens.  Thus 
in  the  presence  of  sodium  the  red,  green  and 
blue  colors  imparted  to  the  Bunsen  flame  by 
certain  elements  and  compounds  may  be 
readily  detected  by  means  of  the  screens.  Cer- 
tain colors  transmitted  by  one  screen  are  ab- 
sorbed by  the  screens  together. 

The  strontium  and  the  lithium  flames  ap- 
pear deep  red  through  the  violet  screen  but 
give  no  color  through  the  blue  screen.  Barium 
and  boron  give  a  vivid  green  through  the  blue 
screen,  and  only  a  faint  green  through  the 
violet  screen.  Volatile  calcium  salts  impart  a 
strong  greenish-yellow  color  to  the  flame  as 
seen  through  the  blue  screen,  but  through  the 
violet  screen  the  color  appears  a  pale  red. 
Through  the  combined  screens  the  flame  has  a 
tinge  of  green.  The  color  flashes  out  only  at 
the  moment  when  the  salt  is  becoming  incan- 
descent. Potassium  gives  through  the  blue 
screen  an  intense  blue-violet  color;  through 
the  violet  screen  the  outside  of  Bunsen  flame 
is  violet  and  the  inside  violet-red;  through 
both  screens  the  flame  appears  as  through  the 
violet  screen,  but  less  bright,  and  with  red 


predominating.  These  colors  are  very  charac- 
teristic. The  copper  chloride  flame  appears 
bright  blue  fringed  with  green  through  the 
violet  screen,  brilliant  green  through  the  blue 
screen,  and  a  paler  green  through  both  screens. 
The  flame  color  of  phosphoric  acid  is  green 
through  the  blue  screen,  light  rose  color 
(violet-red)  through  the  violet  screen  and  pale 
green  through  both  screens.* 

In  getting  these  flame  reactions  from  non- 
volatile compounds  it  is,  of  course,  necessary 
to  use  some  flux  or  acid  that  will  produce  a 
volatile  compound  of  the  element  sought.  A 
silicate  containing  potassium  may  be  powdered, 
and  decomi)osed  in  a  sodium  carbonate  bead 
on  a  platinum  wire.  The  resiilting  potassium 
carbonate  is  volatile.  The  phosphate  minerals 
apatite,  lazulite  and  wavellite  give  the  phos- 
phoric acid  reaction  readily  if  powdered,  taken 
up  on  a  moistened  loop  of  platinum  wire, 
heated  and  then  treated  with  concentrated 
sulphuric  acid  and  again  heated.  The  reac- 
tion is  transient. 

A  screen  8X^  inches  consisting  of  three 
colored  strips,  one  Uue,  one  violet  and  one 
blue  over  violet,  suitable  for  general  laboratory 
use,  has  been  made  for  the  writer  by  TUb,  G. 
M.  Flint,  Cambridge,  Mass.,  price  20  cents. 

Such  a  screen  is  conveniently  handled  and 
is  so  delicate  a  means  of  identifying  the  ele- 
ments usually  sought  by  means  of  the  spectro- 
scope that  its  use  greatly  facilitates  the  work 
of  laboratory  instruction  in  qualitative  an- 
alysis and  mineralogy. 

In  case  lithium  light  free  from  sodium  light 
is  wanted  for  use  in  optical  mineralogy  the 
violet  screen  is  a  very  serviceable  filter. 
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PREFACE. 


The  remarkable  advance  in  the  Science  of  Mineralogy,  during  the  yeara 
that  have  elapsed  since  this  Text-Book  was  first  issued  in  1877,  has  made  it 
necessary,  in  the  preparation  of  a  new  edition,  to  rewrite  the  whole  as  well  aa 
to  add  much  new  matter  and  many  new  illustrations. 

The  work  being  designed  chiefly  to  meet  the  wants  of  class  or  private 
instruction,  this  object  has  at  once  determined  the  choice  of  topics  discussed, 
the  order  and  fullness  of  treatment  and  the  method  of  presentation. 

In  the  chapter  on  Crystallography,  the  different  types  of  crystal  forms  are 
described  under  the  now  accepted  thirty-two  groups  classed  according  to  their 
symmetry.  The  names  given  to  these  groups  are  based,  so  far  as  possible, 
upon  the  characteristic  form  of  each,  and  are  intended  also  to  suggest  the 
terms  formerly  applied  in  accordance  with  the  principles  of  hemihedrism. 
The  order  adopted  is  that  which  alone  seems  suited  to  the  demands  of  the 
elementary  student,  the  special  and  mathematically  simple  groups  of  the 
isometric  system  being  described  first.  Especial  prominence  is  given  to  the 
"normal  group"  under  the  successive  systems,  that  is,  to  the  group  which  is 
relatively  of  most  common  occurrence  and  which  shows  the  highest  degree  of 
symmetry.  The  methods  of  Miller  are  followed  as  regards  the  indices  of  the 
different  forms  and  the  mathematical  calculations. 

In  the  chapters  on  Physical  and  Chemical  Mineralogy,  the  plan  of  the 
former  edition  is  retained  of  presenting  somewhat  fully  the  elementary  prin- 
ciples of  the  science  upon  which  the  mineral  characters  depend;  this  is  par- 
ticularly true  in  the  department  of  Optics.  The  effort  has  been  made  to  give 
the  student  the  means  of  becoming  practically  familiar  with  all  the  modern 
methods  of  investigation  now  commonly  applied.  Especial  attention  is, 
therefore,  given  to  the  optical  properties  of  crystals  as  revealed  by  the  micro- 
scope. Further,  frequent  references  are  introduced  to  important  papers  on 
the  different  subjects  discussed,  in  order  to  direct  the  student's  attention  to 
the  original  literature. 

The  Descriptive  part  of  the  volume  is  essentially  an  abridgment  of  the 
Sixth  Edition  of  Dana's  System  of  Mineralogy,  prepared  by  the  author  (1892). 
To  this  work  (and  future  Appendices)  the  student  is,  therefore,  referred  for 
fuller  descriptions  of  the  crystallographic  and  optical  properties  of  species,  for 
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analyses,  lists  of  localities,  etc. ;  also  for  tbe  authorities  for  data  here  quoted. 
In  certain  directions,  however,  the  work  has  been  expanded  when  the  interests 
of  the  student  have  seemed  to  demand  it;  for  example,  in  the  statement  of 
the  characters  of  the  various  isomorphous  groups.  Attention  is  also  called  to 
the  paragraph  headed  ''  Diff./'  in  the  description  of  each  common  species,  in 
which  are  given  the  distinguishing  characters^  particularly  those  which  serve 
to  separate  it  from  other  species  with  which  it  might  be  easily  confounded. 

The  list  of  American  localities  of  minerals,  which  appeared  as  an  Appen- 
dix in  the  earlier  edition,  has  been  omitted,  since  in  its  present  expanded  form 
it  requires  more  space  than  could  well  be  given  to  it;  further,  its  reproduc- 
tion here  is  unnecessary  since  it  is  accessible  to  all  interested  not  only  in  the 
System  of  Mineralogy  but  also  in  separate  form.  A  full  topical  Index  has 
been  added,  besides  the  usual  Index  of  Species. 

The  obligations  of  the  present  volume  to  well-known  works  of  other 
authors — particularly  to  those  of  Groth  and  Rosenbusch — are  too  obvious  to 
require  special  mention.  The  author  must,  however,  express  his  gratitude 
to  his  colleague.  Prof.  L.  V.  Pirsson,  who  has  given  him  material  aid  in  the 
part  of  the  work  dealing  with  the  optical  properties  of  minerals  as  examined 
under  the  microscope.  lie  is  also  indebted  to  Prof.  S.  L.  Penfield  of  New 
Haven  and  to  Prof.  H.  A.  Miers  of  Oxford,  England,  for  various  valuable 
auggcstions. 

New  Haven.  Conn.,  Aug.  1,  1898. 
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INTRODUCTION. 


1.  The  science  of  Mineralogy  treats  of  those  inorganic  species  called 
minerals,  which  together  in  rock  masses  or  in  isolated  form  make  up  the 
material  of  the  crust  of  the  earth,  and  of  other  bodies  in  the  universe  so  far 
as  it  is  possible  to  study  them  in  the  form  of  meteorites. 

2.  Definition  of  a  Mineral. — A  Mineral  is  a  body  produced  by  the  processes 
of  inorganic  nature,  having  a  definite  chemical  composition  and,  if  formed 
under  favorable  conditions,  a  certain  characteristic  molecular  structure  which 
is  exhibited  in  its  crystalline  form  and  other  physical  properties. 

This  definition  calls  for  some  further  explanation. 

First  of  all,  a  mineral  must  be  a  homogeneous  substance,  even  when 
minutely  examined  by  the  microscope;  further,  it  must  have  a  definite 
chemical  composition,  capable  of  being  expressed  by  a  chemical  formula. 
Thus,  much  basalt  appears  to  be  homogeneous  to  the  eye,  but  when  examined 
under  the  microscope  in  thin  sections  it  is  seen  to  be  made  up  of  different 
substances,  each  having  characters  of  its  own.  Again,  obsidian,  or  volcanic 
glass,  though  it  may  be  essentially  homogeneous,  has  not  a  definite  composition 
corresponding  to  a  specific  chemical  formula^  and  is  hence  classed  as  a  rock, 
not  as  a  mineral  species.  Further,  several  substances,  as  tachylyte,  hyalome- 
lane,  etc.,  which  at  one  time  passed  as  minerals,  have  been  relegated  to 
petrology,  because  it  has  been  shown  that  they  are  only  local  forms  of  basal t, 
retaining  an  apparently  homogeneous  form  due  to  rapid  cooling. 

Again,  a  mineral  has  in  all  cases  a  definite  molecular  structure,  unless  the 
conditions  of  formation  have  been  such  as  to  prevent  this,  which  is  rarely  true. 
This  molecular  structure,  as  will  be  shown  later,  manifests  itself  in  the  physical 
characters  and  especially  in  the  external  crystalline  form. 

It  is  customary,  as  a  matter  of  convenience,  to  limit  the  name  mineral  to 
those  compounds  which  have  been  formed  by  the  processes  of  nature  alone, 
while  compounds  made  in  the  laboratory  or  the  smelting-funiace  are  at  most 
called  artificial  minerals.  Further,  mineral  substances  which  have  been 
produced  through  the  agency  of  organic  life  are  not  included  among  minerals, 
as  the  pearl  of  an  oyster,  the  opal-silica  (tabasheer)  secreted  by  the  bamboo, 
etc.  Finally,  mineral  species  are,  as  a  rule,  limited  to  solid  substances;  the 
only  liquids  included  being  metallic  mercury  and  water.  Petroleum,  or 
mineral  oil,  is  not  properly  a  homogeneous  substance,  consisting  rather  of 
several  hydrocarbon  compounds;  it  is  hence  not  a  mineral  species. 

It  is  obvious  from  tne  above  that  minerals,  in  the  somewhat  restricted 
sense  usually  adopted,  constitute  only  a  part  of  what  is  often  called  the 
Mineral  Kingdom. 
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3.  Scope  of  Mineralogy. — In  the  following  pages,  the  general  subject  of 
Mineralogy  is  treated  under  the  following  heads: 

(1)  Crystallography, — This  comprises  a  discussion  of  crystals  in  general 
and  especially  of  the  crystalline  forms  of  mineral  species. 

(2)  Physical  Mineralogy. — This  includes  a  discussion  of  the  physical 
characters  of  minerals,  that  is,  those  depending  upon  cohesion  and  elasticity, 
density,  light,  heat,  electricity,  and  so  on. 

(3)  Chemical  Mineralogy. — Under  this  head  are  presented  briefly  the  gen- 
eral principles  of  chemistry  as  applied  to  mineral  snecies;  their  characters  as 
chemical  compounds  are  described,  also  the  methods  of  investigating  them 
from  the  chemical  side  by  the  blowpipe  and  other  means. 

(4)  Descripiive  Mineralogy. — This  includes  the  classification  of  minerals 
and  the  description  of  each  species  with  its  varieties,  especially  in  its  relations 
to  closely  allied  species,  as  regards  crystalline  form,  physical  and  chemical 
characters,  occurrence  in  nature,  and  other  points. 

4.  Literature. — Keference  is  made  to  the  Introduction  to  the  Sixth  Edition 
of  Dana's  System  of  Mineralogy,  pp.  xlv-lxi,  for  an  extended  list  of  inde- 
pendent works  on  Mineralogy  up  to  1893;  the  names  are  also  given  of  the 
many  scientific  periodicals  which  contain  original  memoirs  on  mineralogical 
subjects.  For  the  convenience  of  the  student  the  titles  of  a  few  works,  mostly 
of  a  general  character,  are  given  here.  Further  references  to  the  literature 
of  Mineralogy  are  introduced  through  the  first  half  of  this  work,  particularly 
at  the  end  of  the  sections  dealing  with  special  subjects. 

Crystftfhffraphy  and  Physical  Mineralogy. 

Early  works*  include  those  of  RomS  de  lisle,  1773;  Hatty,  1832;  NeuinaDO,  Kry- 
stallonomie,  1833,  aud  Krystallographie,  1825  Ku])ffer,  1825;  Grassmaun,  Krystallouomie, 
1829;  Naumann.  1829  and  later;  Quenstedt.  1846  (also  1873);  Miller,  1889  and  1863; 
Gmilich,  1856;  Kopp,  1862;  von  Lang,  1866;  Bravais,  Eludes  Crist.,  Paris,  1866  (1849); 
Schniuf,  1866-68;  lloseSadebeck,  1873. 

Recent  works  include  the  followine: 

Bauerman.     Text  B(»<>k  of  Systematic  Mineralogy,  1881. 

Qoldachmidt.  Index  der  Kryslallformen  der  Minei-alicn;  3  vols.,  1886-91.  ^Iso 
Anwendung  der  Linearprojeclion  zuni  Berechnen  der  Kryslalle.  1887. 

Qroth.  Physikaliscbe  Krystallographie  uiid  Einleilung  in  die  krystallographische 
Kenntniss  der  wicbligeren  Substanzen.  1876.     3d  ed..  1894-95. 

Klein.     Einleitung  in  die  Krystallberecbnung.  1876. 

Ziiebiach.     Geonietrische  Krystallograpbie,  1881.   Physikaliscbe  Krystallographie,  189L 

Mallard.     Trait e  de  Cristallograpbie  geometiique  et  physique;  vol.  1, 1879;  vol.  2, 188  I. 

Sadebeck.     Angewandte  Krystallographie  (Rose's  Krystallographie,  II.  Band),  1876. 

Sohncke.     Entwickelung  einer  Theorie  der  Krystallstruktur.  1879. 

Story-Maskelyne.     Crystalloerrapby:  the  Morpbolog}' of  Crystals,  1895. 

Websky.  AnwendiiDg  der  Linearprojection  zum  Berechneo  der  Krystalle  (Rose's 
Krystallographie   III.  Band)   1887. 

Williams.     Elements  of  Crystallography.  1890 

Wiilfing.  Tabellarisclie  Ucbersicht  der  einfaeben  Formen  der  32  krystallograpbiscbm 
Symmetriegruppeu,  etc.,  1895. 

In  Physical  Minkraloqy  the  most  important  jreneral  works  are  those  of  Schraiif 
(1868).  Groth  (1876-1895),  Mallard  (1884>.  Liebisch  .1891>,  mentioned  in  the  above  list;  a'so 
Rosenbusch,  Mikr.  Physiographie,  etc.  (1892).  In  addition  to  these  (to  which  might  he 
added  the  name^j  of  vSome  general  works  on  Ph3'Rics  memoirs  of  especial  importance  on  the 
dififerent  subjects  are  ennmemted  in  many  cases  at  the  end  of  the  respective  sections  of 
this  work. 


*The  full  titles  of  many  of  these  are  given  in  pp.  ll-lxi  of  Dana's  System  of  Mii.er- 
alogy,  1892. 
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General  Mineralogy, 

Of  the  many  works,  a  knowledge  of  which  is  needed  by  one  who  wishes  a  full  acqu<iint- 
ance  with  the  historical  development  of  Mineralogy,  the  following  are  particularly 
important.  Very  early  works  include  those  of  Theophrastus,  Pliny,  Liunceus,  Wnllerius, 
Cronstedt,  Werner,  Bergman  u,  Klaproth. 

Within  the  nineteenth  century:  Hatty's  Treatise,  1801,  1822;  Jameson,  1816,  1820; 
Werner's  Letztes  Mineral- System.  1817;  Cleaveland's  Mineralogy,  1816,  1822;  Leonhard's 
Haudbuch.  1821,  1826;  Mohs's  Min..  1822;  Haidinger's  translation  of  Mobs.  1824;  Breit- 
baupt's  Charakteristik,  1820,  1823,  1832;  Beudunt  s  Treatise,  1824,  1832;  Phillips's  Min., 
1828,  1837;  Shepard's  Min  ,  1882-35,  and  later  editions;  von  Kobell's  Grundzttge,  1888; 
Mobs s  Min.,  18<l9;  Breithaupt's  Min.,  1836-1847;  HHidinger's  Hundbucli,  1845;  Naumann'a 
Miu..  1846  and  later;  Hausmann's  Haudbuch,  1847;  Dufrenoy's  Min..  1844-1847  (also 
1856-1859);  Brooke  &  Miller,  1852;  J.  D.  Dana's  System  of  1837,  1844,  1850,  1854,  1808. 

More  Recent  Wokks  are  the  following: 

Bauer.     Lehrbuch  der  Mineralogie,  1886. 

Bauerman.     Text- Book  of  Descriptive  Mineralogy,  1884. 

Baumhauer.     Das  Ri  ich  der  Krystalle,  1889. 

Blum.     Lehrbuch  der  Mineralogie.  4th  ed.,  1873-1874. 

Dana,  B.  8.  Dana's  System  of  Mineralogy,  6th  ed..  New  York,  1892.  Also  (elemen- 
tary) Minerals  and  How  lo  study  them.  New  York,  1895. 

Dana,  J.  D.     Manual  of  Mineralogy  and  Petrography,  4th  ed.,  New  Tork,  1887. 

Dea  Oloizeaux.  Manuel  de  Mineralogie;  vol.  1,  1862;  vol.  2,  ler  Fasc.,  1874; 
2me.  1893. 

Oroth.  Tabellarische  Uebersicht  der  Mineralien,  1874;  8d  ed.,  1889:  4th  ed.,  1898. 
Die  Mineralien-Sammluni;  der  Uuiversitftt  Strassburg.  1878. 

Hintze.  Handbuch  der  Mineralogie,  vol.  2  (Silicates  and  Tltanates),  Leipzig,  1889* 
1897. 

Lacroix.     Minenilogie  de  la  France  et  de  ses  Colonies,  2  vols.,  1893-96. 

Ziuedecke.     Die  Minemle  des  Harzes,  1896. 

Koksharov.  Materialeu  zur  Mineralogie  Russlands,  St.  Petersburg;  vol.  1,  1858-54; 
vol.  10.  1888-91. 

Kunz.     Gems  and  Precious  Stones  of  North  America.  1890. 

Schrauf.     Atlas  der  Krystall-Fonnen  des  Minernlre  ches,  4to,  vol.  1,  A-C,  1865-1877. 

Tachermak.     Lchrbucli  der  Mineralogie,  1884;  5th  ed. ,  1897. 

Weiabach.     Synopsis  Mineralogica,  svstematische  Uebersicht  des  Mineral reiches,  1875L 

Zirkel.     13th  edition  of  Nnumann's  Mineralogy,  Leipzig,  1897. 

Wiilfing.  Die  Meteoriten  in  Sammlungen,  etc.,  1897  (earlier  works  on  related  subjects, 
Bee  Dana's  System,  p.  32). 

For  :i  catalogue  of  localities  of  minerals  in  the  United  States  and  Canada  see  the  volume 
(51  pp.)  reprinted  from  Dana's  System,  6th  ed.  See  also  the  volumes  on  the  Mineral  Re- 
sources of  the  United  States  published  (since  882)  under  the  auspices  of  the  U.  S.  Qeo- 
logical  Survey. 

ChemiecU  and  Determinative  Mineralogy. 

Biachoff.  Lehrbuch  der  chemischcn  und  physikalischen  Geologic,  1847-54;  2ded., 
1863-66.     (Also  nn  English  edition. ) 

Blmn.     Die  Pseiuiomorphosen  des  Mineralreichs,  1843.     With  4  Nachtrflge,  1847-1879. 

Bmah.  Manual  of  Determinative  Mineralogy,  witli  an  Introduction  on  Blowpipe 
Analysis;  New  York,  1875.  3d  ed.,  1878.     Also  new  edit-on  by  Penfield,  1896. 

Doelter.    AUgemeine  chemische  Minemlogie.  Leipzig.  1890. 

Bndlich.    Manual  of  Qualitative  Blowpipe  Analysis,  X^ew  York,  1892. 

Kobell,  P.  von.  Tafein  zur  Bestimmung  der  Mineralien  mittelst  einfucher  chemischer 
Versuche  auf  trockenem  und  nassem  Wege,  lite  Autlage.  1878. 

Ramnaelaberg.  Handbuch  der  kryslallographigchphysikalischen  Chemie.  Leipzig, 
1881-82     Hnndbuch  der  Mineralchemie,  2d  ed.,  1875.     Erpftnzungsheft,  1,  1886;  2.  1895. 

Roth.  Allgemc'ine  und  chemische  (5eologie;  vol.  I,  Bildungu.  Umbildung  der  Minera- 
lien, etc.,  1879:  2.  Petrographie,  1887-1890. 

Volger.     Stiidien  zur  Entwicklungsgeschichte  der  Mineralien,  1854. 

Webaky.  Die  Mineral  Snecies  nach  (hn  fnr  das  specifische  Gewicht  dei-selben  ange- 
Dommenen  und  gefundenen  Wotlien,  Breslan,  1868. 

Weiabach.     Tabellen  zur  Bestimmung  der   Mineralien  nach   ftusseren   Kennzelchen, 


4  INTRODUCTION. 

Ste  Auflage,  1886.    Also  founded  on  Weisbuch's  work,  Frazer's  Tables  for  the  determina- 
tion of  minerals,  4th  ed..  1897. 

Microscopic  Examination  of  Minerals,* 

Oohen,  B.  Sammlung  von  Hikrophotographieen  zur  Veianschaulichung  der  mikro- 
skopischen  Structur  von  Mineralien  und  Oesteinen,  1881-82. 

Doelter.  Die  Bestimmuug  der  petrographiscU  wicbtigeren  Mineralien  durch  das 
Mikroskop.  1876. 

Fischer.     Kritische  mikroskopisch-mineralogiscbe  Studien»  Freiburg,  1869-1878. 

Fouque-L^vy.    Mineralogie  micrographique,  roches  6ruptives  Fran^aises,  1879. 

li^vy-Lacroix.    Lies  mineraux  des  roches,  1888. 

Rosenbusch.  Mikroskopische  Phvsiographie  der  petrographlsch-wichtigen  Mine- 
ralien. 1873;  dd  ed.,  1892.  AccompHuied  by  HQlfstabellen  zur  mikroskopischen  Mineral- 
best  immung.  1888.  Also  Englisli  translation  and  abridgment  of  the  above  work  by 
Iddiiigs,  1^.    Mikroskopische  Physiographie  der  massigen  Gesteine,  1877;  8d  ed.,  1896. 

Thoulet.  Contributions  ^  T^tude  des  propri6t6s  physiques  et  chimiques  des  min6raux 
microscopiques. 

Tsohermak.    Die  mikroskopische  Beschaffenhelt  der  Meteoriten,  1888. 

ZirkeL  Die  mikroskopische  Beschaffenhelt  der  Mhieralien  und  Gesteine,  1873.  Also 
Petrographie,  3  vols.,  1893-94. 

Artificial  Formation  of  Minerals, 

Ourlt.  Uebersicht  der  pyrogeneteu  kttnstlichen  Mineralien,  uamentlich  der  krystal- 
lisirteu  HQttenerzeugnisse,  1857. 

Fuchs.     Die  klinstlich  dargestcllten  Mineralien.  1872. 
Danbr^e.     ^itudes  synthetique  de  Geologie  experimentale,  Paris,  1879. 
Fouqu^  and  M.  JLevy.    Synthase  des  Mineraux  et  des  Roches,  1882. 
Bourgeois.     Reproductiou  artificielle  des  Min6mux,  1884. 
Meonier.    Les  methodcs  de  syntliese  en  Miueralogie. 

Mineralogical  Journals, 

The  following  Journals  are  largely  devoted  to  original  papere  on  Mineralogy: 

Bull.  Boo.  BAin.     Bulletin  de  la  Societe  Frauynisc  de  Miueralogie,  vol.  1, 1878:  20, 1897. 

Jb.  Min.   Neues  Jahrbuch  fQr  Mineralo^ie,  Geologic  und  Palseontologie,  etc.,  from  1888. 

Min.  Mag.  The  Mineralogical  Magazine  and  Journal  of  the  Mineralogical  Society  of 
Gt.  Britain,  vol.  1,  1876;  11.  1896-97. 

Min.  petr.  Mitth.  Mineralogi-che  und  petrographische  Mittbeilungen,  vol.  1,  1878; 
17, 1897.  Earlier,  from  1871,  Mineralogisclic  Mittheiluneen  gesammelt  vonG.  Tschermak. 

Zs.  Kryst.  Zeitschrift  fUr  Krystaliographie  und  Miueralogie.  Edited  by  P.  Groth. 
vol.  1,  1877;  28,  1897. 


Abbreviations. 

pi.     Plane  of  the  optic  axes.  H.  Hardness. 

Bz«.  Acute  bisectrix  (p.  208).  Obs.  Observations  on  occurrence,  etc 

Oi)tuse  bisectrix  (p.  208).  O.F.  Oxidizing  Flame  (p.  267). 

B.B.         Before  the  Blowpipe  (p.  256).'  "Pyr,  Pyroguostics   or   blowpipe  and 
Comp.      Composition.                                                          allied  charactere. 
mff.           Differences,   or  distinctive  char-      O.  Ratio.  Oxygen  Ratio  (p.  249). 

acters.  R.r.  Keducing  Flame  (p.  257). 

O.             Specific  Gravity.  Var.  Varieties. 

The   sign  A  is   used    to   indicate   the   angle   between    two    faces   of  a  crystal,    as 
am  (100  A  110)  =  44' 30'. 

*  See  the  bibliography  given  by  Rosenbusch. 


PART  I.  CRYSTALLOGRAPHY. 


GENERAL  MORPHOLOGICAL  RELATIONS  OF. 

CRYSTALS. 

5.  Crystallography. — The  subject  of  Crystallography  includes  the  descrip- 
tion of  the  characters  of  crystals  in  general ;  of  the  various  forms  of  crysts^ 
and  their  division  into  groups  and  systems;  of  the  methods  of  studying  crystals^ 
including  the  determination  of  the  mathematical  relations  of  their  faces,  and 
the  measurement  of  the  angles  between  them;  finally,  a  description  of  com- 
pound or  twin  crystals,  of  irregularities  in  crystals,  of  crystalline  aggregates, 
and  of  pseud omorphous  crystals. 

Allied  to  Crystallography  is  the  subject  of  Crystallogeny,  which  describes 
the  methods  of  making  crystals  which  may  be  applied  in  tne  laboratory;  and 
discusses  the  theories  of  their  origin  in  nature.  This  department  is  only  briefly 
touched  upon  in  the  present  work. 

6.  Definition  of  a  CrystaL— -4  crystal*  is  the  regular  polyhedral  form, 
bounded  by  smooth  surfaces,  which  is  assumed  by  a  chemical  compound,  under 
the  action  of  its  intermolecular  forces^  when  passing,  under  suitable  conditions, 
from  the  state  of  a  liquid  or  gas  to  that  of  a  solid. 

As  expressed  in  the  foregoing  definition,  a  crystal  is  characterized,  first,  by 
its  definite  internal  molecular  structure,  and,  second,  by  its  external  form.  A 
crystal  is  the  normal  form  of  a  mineral  species,  as  of  all  solid  chemical  com- 
pounds ;  but  the  conditions  suitable  for  tlie  formation  of  a  crystal  of  ideal 
perfection  in  symmetry  of  form  and  smoothness  of  surface  are  never  realized. 
Further,  many  species  usually  occur  not  in  distinct  crystals,  but  in  massive  form, 
and  in  some  exceptional  cases  the  definite  molecular  structure  is  absent. 

7.  Molecular  Structare  in  OeneraL — Ry  definite  molecular  structure  is  meant 
the  special  arrangement  which  the  physical  units,  called  molecules,\  assume 
under  the  action  of  the  forces  exerted  between  them  during  the  formation  of 
the  solid.     Some  remarks  are  given  in  a  later  article  (p.  18  et  seq.)  in  regard  to 

*  Id  its  oiicjlnal  sififiiification  the  term  crystal  was  applied  onlv  to  crystals  of  quartz, 
which  the  ancient  philosophers  believed  to  he  router  congealed  by  intense  cold.  Ilenoc  (he 
term,  from  KfjijoraXXoi,  ice. 

f  The  relation  between  atoms,  chemical  molecules,  and  physical  molecules  is  explained 
under  the  chapter  on  Chemical  Mineralogy.  The  molecules  here  spoken  of  are  the  physical 
molecules. 
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the  kinds  of  molecular  arrangement  theoretically  possible,  and  their  relation  to 
the  symmetry  of  the  different  groups  and  systems  of  crystals. 

The  definite  molecular  structure  is  the  essential  character  of  a  crystal,  and 
the  external  form  is  only  one  of  the  ways,  although  the  most  imj)ortant,  in 
which  this  structure  is  manifested.  Thus  it  is  found  that  all  similar  directions 
in  a  crystal,  or  a  fragment  of  a  crystal,  have  like  physical  characters,*  as  of 
elasticity,  cohesion,  action  on  light,  etc.  This  is  clearly  shown  by  the  cleavage, 
or  natural  tendency  to  fracture  in  certain  directions,  yielding  more  or  less 
smooth  surfaces;  as  the  cubic  cleavage  of  galena,  or  the  rhombohedral  cleavage 
of  calcite.  It  is  evident,  therefore,  that  a  small  crystal  differs  from  a  large  one 
only  in  size,  and  that  a  fragment  of  a  crystal  is  itself  essentially  a  crystal  in  all 
its  pliysical  relations,  though  showing  no  crystalline  faces. 

Further,  the  external  form  without  the  corresponding  molecular  structure 
does  not  make  a  solid  a  crystal.  A  model  of  glass  or  wood,  on  the  one  hand, 
is  not  a  crystal,  though  having  its  external  form,  liecause  there  is  no  relation 
between  form  and  structure.  Also,  an  octahedron  of  malachite,  having  the 
form'  of  the  crystal  of  cuprite  from  which  it  has  been  derived  by  chemical 
alteration,  is  not  a  crystal  of  malachite. 

On  the  other  hand,  if  the  natural  external  faces  are  wanting,  the  solid  is 
not  called  a  crystal.  A  cleavage  octahedron  of  fluorite  and  a  cleavage  rhom- 
bohedron  of  calcite  are  not  properly  crystals,  because  the  surfaces  have  been 
yielded  by  fracture  and  not  by  the  natural  molecular  growth  of  the  crystal. 

8.  Crystalline  and  Amorphous. — When  a  mineral  shows  no  external  crystal- 
line form,  it  is  said  to  be  massive.  It  may,  however,  have  a  definite  molecular 
structure,  and  then  it  is  said  to  be  crysialline.  If  this  structure,  as  shown  by 
the  cleavage,  or  by  optical  means,  is  the  same  in  all  parallel  directions  through 
the  mass,  it  is  described  as  a  single  individual.  If  it  varies  from  grain  to  grain, 
or  fiber  to  fiber,  it  is  said  to  be  a  crysUtllhie  aggregate,^  since  it  is  in  fact  made 
up  of  a  multitude  of  individuals. 

Thus  in  a  granular  mass  of  galena  or  calcite,  it  may  be  possible  to  separate 
the  fragments  from  one  another,  each  with  its  characteristic  cubic,  or  rhom- 
bohedral, cleavage.  Even  if  the  individuals  are  so  small  that  they  cannot  be 
separated,  yet  the  cleavage,  and  hence  the  crystalline  structure,  may  be  evident 
from  the  spangling  of  a  freshly  broken  surface,  as  with  fine-grained  statuary 
marble.  Or,  again,  this  aggregate  structure  may  be  so  fine  that  the  crystalline 
structure  can  only  be  resolved  by  optical  methods  with  the  aid  of  the  microscope. 
In  all  these  cases,  the  structure  is  said  to  be  crystalline. 

If  optical  means  show  a  more  or  less  distinct  crystalline  structure,  which, 
however,  cannot  be  resolved  into  individuals,  the  mass  is  said  to  be  crypto- 
crysfallifie  ;  this  is  true  of  some  massive  varieties  of  quartz. 

If  the  definite  molecular  structure  is  entirely  wanting,  and  all  directions  in 
the  mass  are  sensibly  the  same,  the  substance  is  said  to  be  amorphous.  This  is 
true  of  a  piece  of  glass,  and  nearly  so  of  opal.  The  amorphous  state  is  rare 
among  minerals. 

A  piece  of  feldspar  which  hiis  been  fused  and  cooled  suddenly  may  be  iu  the  glass-like 
amorphous  condiiion  as  regards  absence  of  definite  molecular  structure.     But  even  in  such 


*  This  subject  is  further  elucidated  in  the  chapter  devoted  to  Physical  Mineralogy,  where 
it  is  also  shown  that,  with  res|>ect  to  many,  but  not  all,  of  the  physical  characters,  the 
converse  of  this  proix)sition  is  true,  viz  ,  that  uniike  directions  iu  a  crystal  have  in  gen- 
eral unlike  proi>erties. 

t  The  consideration  of  the  various  forms  of  crystalline  aggregates  is  postponed  to  the 
end  of  the  present  chapter. 
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rasM  there  is  a  teudency  to  go  over  into  tbe  crysUUioc  condition  by  molecular  reurronge- 
meul.  A  iranepnrenl  amorplicms  miias  of  arauuic  trloxide  (Ay.O,).  formed  by  fusion, 
btcuraes  opiiuue  ami  crysUiIline  afler  a  time.  Similarly  Ibe  >teel  bi-aiiis  of  a  railroad  bridge 
may  rradually  become  crystalline  and  llius  l.ise  some  of  iheir  uilginal  streiigib  because  of 
the  molecular  rearracgemenl  miide  possible  by  ilie  TibtatioiiB  caused  by  Ibe  Frequent  jar  ot 
paaaiiie  trains  Tlie  microscopic  study  of  rocks  reveals  mauy  cases  iu  wbicb  au  analugoua 
rhunglia  molecular  structure  baa  lakeii  place  iu  u  tolid  ninss,  as  caused,  for  wample.  by 
great  pressure. 

9.  External  Form. — A  crystal  is  bonnded  by  smooth  plane  surfaces,  called 
fiices  or  planes,*  showing  in  their  arnitigenieiit  a  certain  characteristic  sym- 
metry, aud  related  to  eacTi  other  by  definite  mathematical  laws. 

Thus,  without  inquiring,  at  the  moment,  into  the  exact  meaning  of  the 
terin  symmetry  as  applied  to  crystals,  and  the  kinds  of  symmetry  possible, 
which  will  be  explained  in  detail  later,  it  is  apparent  that  the  accompanying 
figures,  1-3,  show  the  external  form  spoken  of.  They  represent,  therefore, 
certain  definite  types. 


Galena. 


Chryaoltte. 


10.  Variation  of  Form  and  Sor&oe. — Actual  crystals  deviate,  within  certain 
limits,  from  the  ideal  forms. 

First,  there  may  bo  variation  in  the  size  of  like  faces,  thus  producing  what 
are  defined  later  as  distorted  forms.  In  the  second  place,  the  faces  are  rarely 
absolutely  smooth  and  brilliant;  commonly  they  lack  perfect  polish,  and  they 
ma^  even  be  rough  or  more  or  less  covered  with  fine  parallel  lines  (called 
stnations),  or  snow   minnte    elevations,  depressions  or  other  4. 

pec n liar i ties.     Both  the  above  subjects  are  discussed  in  detail  in        ^.^Tv 
another  place.  (<^  \  «\ 

It  may  be  noted  iu  passing  that  the  characters  of  natural  fy       \ — ^ 
faces,  just  alluded  to,  in  general  make  it  easy  to   distinguish 
between  them  and  a  face  artificially  gronnd,  on  the  one  hand, 
like  the  facet  of  a  cut  gem ;  or,  on  the  other  hand,  the  splintery 
uneven  surface  yielded  by  cleavage. 

11.  Constancy  of  Angle  in  the  Same  Species. — The  crystals 
of  any  species  are  essentially  constant  in  the  angle  of  inclination 
between  like  faces,  wherever  they  are  found,  and  whether  prod- 
ucts of  nature  or  of  the  laboratory.  These  angles,  therefore, 
form  one  of  the  distinguishing  characters  of  a  species.  Apatite. 

Thus,  in  Fig.  4,  of  apatite,  tlie  angle  between  the  adjacent  faces  x  and 

wtiere  llie  direction,  rather  [ban  IhedeSQite 


x^ 


8 


CRYSTALLOGRAPHY. 


m  (130^  18'^  18  the  same  for  any  two  like  faces,  similarly  situated  with  refer- 
ence to  eacn  other.  Further^  this  angle  is  constant  for  the  species,  differing 
but  little  on  crystals  from  different  localities.  Moreover,  the  angles  between 
all  the  faces  on  crystals  of  the  same  species  (cf.  Figs.  5-9  of  zircon  below) 
are  more  or  less  closely  connected  together  by  certain  definite  mathematical 
laws. 

12.  Diversity  of  Form,  or  Habit. — While  in  the  crystals  of  a  given  species 
there  is  constancy  of  angle  between  like  faces,  the  forms  of  the  crystals  may 
be  exceedingly  diverse.  The  accompanying  figures  (5-9)  are  examples  of  a 
few  of  the  forms  of  the  species  zircon.  There  is  Hardly  any  limit  to  the  number 
of  faces  which  may  occur,  and  as  their  relative  size  changes,  the  habit,  as  it 
is  called,  may  vary  indefinitely.  Yet  for  the  crystals  of  each  species,  the 
angles  between  like  faces  are  essentially  constant. 


7. 


8. 


9. 
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13.  Diversity  of  Size. — Crystals  occur  of  all  sizes,  from  the  merest  micro- 
scopic point  to  a  yard  or  more  in  diameter.  It  is  important  to  understand, 
howeveri  that  in  a  minute  crystal  the  development  is  as  complete  as  with  a 
large  one.  Indeed  the  highest  perfection  of  form  and  transparency  is  found 
only  in  crystals  of  small  size. 

A  siDgle  crystal  of  quartz,  dow  at  Milan,  is  three  and  a  quarter  feet  long  and  five  and  a 
half  in  circumference,  and  its  weight  is  cslimated  at  ei^ht  hundred  and  seventy  pounds. 
A  single  cavity  in  a  vein  of  quartz  near  the  Tiefen  Glacier,  in  Switzerland,  discovered  in 
1867,  afforded  smoky  quartz  crystals  weighing  in  the  aggregate  about  20,000  pounds;  a 
considerable  number  of  the  single  crys'als  hnvint;  a  weight  of  200  to  250  pounds,  or  even 
more.  A  gigantic  beryl  from  Acworth,  New  Hampshire,  measured  four  feet  in  length 
and  two  and  a  half  in  circumference  ;  another,  from  Grafton,  was  ftver  four  feet  long,  and 
thirty-two  inches  in  one  of  its  diameters,  and  weighed  about  two  and  a  half  tons. 

14.  Symmetry  in  General. — The  faces  of  a  crystal  are  arranged  according 
to  certain  laws  of  symmetry,  and  this  symmetry  is  the  natural  basis  of  the 
division  of  crystals  into  groups  and  systems.  The  symmetry  may  be  defined 
relatively  to  (1)  a  plane  of  si/vwietry,  (2)  ajt  axis  of  symmetry ,  and  (3)  a  center 
of  symmetry. 

These  different  kinds  of  symmetry  may,  or  may  not,  be  combined  in   the 
same  crystal.     It  will  be  shown  later  that  there  is  one  group  the  crystals  of 
which  have  neither  center,  axis,  nor  plane  of  symmetry;  another  where  there' 
is  only  c  center  of  symmetry.     On  the  other  hand,  some  groups  have  all  these 
elements  of  symmetry  represented. 
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15.  Plsnei  of  Symmetry. — A  solid  is  said  to  be  geometrically  *  symmetrical 
vith  reference  to  a  plane  of  symmetry  when  for  eucli  face,  ,„ 

edge,  or  solid  angle  there  is  another  similar  face,  edge,  or 
augle  which  has  a  like  position  with  reference  to  this 
plane.  Thus  it  is  obvious  that  the  crystal  of  anipfaibole, 
shown  in  Fig.  10,  is  symmetrical  with  reference  to  a  central 
plane  of  symmetry,  parallel  to  the  face  b,  passing  vertically 
through  the  edge  formed  by  the  faces  r,  r  and  througli 
the  middle  of  tbe  face  a. 

In  the  ideal  crystal  this  symmetry  is  right  symmetry  in 
the  geometrical  sense,  where  every  point  on  the  one  side  of 
the  plane  of  symmetry  has  a  corresponding  point  at  equui 
distances  on  the  other  side,  measured  on  a  line  normal  to  it. 
In  other  words,  in  the  ideal  geometrical  symmetry,  one  half  of  the  crystal  is 
the  exact  mirror-image  of  the  other  half. 

A  crystal  may  have  as  many  as  nine  planes  of  Rvmmetry,  three  of  one  set 
and  six  of  another,  as  is  illustrated  by  the  cubef  {^'\%.  11).  Here  the  planea 
of  the  first  set  pass  through  the  crystal  parallel  to  the  cubic  faces;  they  are 
shown  in  Fig.  13.  The  planes  of  the  second  set  join  the  opposite  cubic  edges. 
On  the  other  hand,  some  crystals  have  no  plane  of  symmetry. 
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16.  Axei  of  Symmetry. — If  a  solid  can  be  revolved  through  n  certain  num- 
ber of  degrees  about  some  line  as  an  axis,  with  the  result  that  it  again  occupies 
precisely  the  same  position  in  space  as  at  first,  it  is  said  to  have  an  axis  of 
symmetry.  There  are  four  different  kinds  of  axes  of  symmetry  among  crystals; 
tney  are  defined  according  to  the  angular  revolution  needed  in  each  case,  that 
is,  by  the  number  of  times  which  the  crystal  repeats  itself  In  a  complete 
revolution  of  3C0°. 

(a)  A  crystal  is  snid  to  have  an  axis  of  binary,  or  twofold,  symmetry  when 
a  revolution  of  180°  produces  the  result  named  above;  in  other  words,  when  It 
repeats  itself  twice  in  a  complete  revolution.  This  is  true  of  the  crystal  shown 
in  Fig.  13  with  respect  to  the  vertical  axis  (and  indGe<l  each  of  the  liorizontal 
axes  also). 

{b)  A  crystal  has  an  axis  of  trigoital,  or  threefold,  symmetry  when  a 
revolution  of  120°  is  needed  ;  that  is,  when  it  repeats  itself  three  times  in  & 
complete  revolution.  The  vertical  axis  of  the  crystal  shown  in  Fig.  14  is  an 
axis  of  trigonal  symmetry. 


*  The  relation  between  the  I<lea1  geometrical  sym 
symmetry  U  disciiesed  la  Art.  11. 

t  Tbia  ia  the  cube  ot  the  uornifil  group  of  tbe  i«<iit 


ii'iry  anil  the  actual  crystal lograpbic 
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(e)  A  crystal  has  an  axis  of  tetragonal,  or  fourfold,  Byminetry  when  a 
CBTolution  of  90°  is  called  for;  in  other  words,  when  it  repeau  itself  four  times. 


TellnrluiD. 


Himetlle. 


Polycrase. 

in  a  complete  revolution.    The  vertical  axis  in  the  crystal  shown  in  Fig.  15  18 
such  an  axis. 

(d)  Finally,  a  crystal  has  an  axis  of  hexagonal,  or  sixfold,  symmetry  when 
a  revolution  of  <3U°  Is  called  for;  in  other  words,  when  it  repeats  itself  six  times 
in  a  complete  revolution.     This  is  illustrated  by  Fig.  16. 

The  cube*  illiistisies  three  of  Ibe  four  possible  kinds  oi  sjiiimelrj  wiiU  respect  to  axes 
ot  sjmmeliy.  Il  lias  six  axes  ot  biiinry  symmetry  jolulup  ihe  middle  poiota  of  opposlle 
edgus  (Fig.  1?}.  It  bas  four  axes  of  trigonid  symmetry,  joiuing  the  oppoaiie  solid  aogles 
<Plg.  18).  It  bas,  Jiiially,  three  axes  of  leiragoiial  symmetry  joining  the  middle  poiuia  of 
oppodte  faces  (Fig.  10). 
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17.  Center  of  Symmetry. — Most  crystals,  besides  planes  and  axes  of  sym- 
metry, have  also  a  center  of  symmetry.  On  the  other  hand,  a  crystal,  though 
possessing  neither  plane  nor  axis  of  symmetry,  may  yet  be 
symmetrical  with  reference  to  a  point,  its  center.  This  last 
is  true  of  the  triclinic  crystal  shown  in  Fig.  20,  in  which  it 
follows  that  every  face,  edge,  and  solid  angle  has  a  face,  edge, 
and  angle  similar  to  it  in  the  opposite  half  of  the  crystal. 

TUero  is  auolher  metbo  1  of  viewiiiK  Hie  symmetry  la  i)iU  la«t  cnse. 
wblch  Is  adopted  by  some  nulhors.  If  the  crystal  l«  tboiigbt  of  ns 
divldi'd  into  two  similar  halves  tiy  a  idntte  pmallel  to  ntiy  one  of  its 
faces,  and  one  half  be  revolved  18U°  nliout  iin  iixis  nnrmal  io  this  ftice, 
thla  halt  would  be  brought  into  a  posilioo  in  wbtcli  it  would  be  the 
mirror-imiige  of  the  remaining  bnlf.  Tills  symmetry  in  hence  cl escribed 
■s  compouttrl  tymmtiry  with  reference  lo  uu  axis  of  binary  symmelry 
and  a  plane  normal  to  it,  both  taken  together.  Tliis  intihod  is  not 
followed  bere  since.  Ihougli  having  certain  tlu'O'elcal  ndvanlnges.  it 
the  student  meeiiii^  ibe  pioblems  of  cryKtiillognipliy  for  Ihe  llrst  lime. 


Amblygouite. 
likely  to  confuse 


*  This  Is  a^^idn  the  cul>e  of  the  tiurun)  group  of  the  Isoinciric  systeiu. 
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18.  Relation  of  Geometrical  to  Grystallographic  Symmetry. —Since  the 
symmetry  in  the  arrangement  of  the  faces  of  a  crystal  is  an  expression  of  the 
internal    molecular    structure,   which    in  21.  22. 

general  is  alike  in  all  parallel  directions, 
the  relative  size  of  the  faces  and  their 
distance  from  the  plane  or  axis  of  sym- 
metry are  of  no  moment,  their  angular 
msition  alone  is  essential.  Uence  Fig.  21 
nas  as  truly  a  vertical  plane  of  symmetry 
(parallel  to  h)  as  Fig.  22  if  the  faces  have 
exactly  the  same  angular  position  as  in 
that,  although  the  strict  geometrical  defi- 
nition *  could  not  be  applied  to  it. 

Also  in  a  normal  cube  (Fig.  23)  the  Heulandite. 

three  central  planes  parallel  to  each  pair  of  cubic  faces  are  like  planes  of  sym- 
metry, as  stated  in  Art.  15.  But  a  crystal  is  still  crystallographically  a  cube, 
though  deviating  widely  from  the  requirements  of  the  strict  geometrical  defi- 
nition, as  shown  in  Figs.  24,  25,  if  only  it  can  be  proved,  e.g.  by  cleavage,  the 


23. 


24. 
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27. 


physical  nature  of  the  faces,  or  by  optical  means,  that  the  three  pairs  of 
faces  are  like  faces,  independently  of  their  size,  or,  in  other  words,  tnat  the 
molecular  structure  is  the  same  in  the  three  directions  normal  to  them. 

Further,  in  the  case  of  a  normal  cube,  a  face  of  an  octahedron  on  any  solid 
angle  requires,  as  explained  beyond,  similar  faces  on  the  other  angles.     It  is 

not  necessary,  however,  that 
these  eight  faces  should  be  of 
equal  size,  for  in  the  crystal- 
logi'aphic  sense  Fig.  26  is  as 
truly  symmetrical  with  reference 
to  the  planes  named  as  Fig.  27. 
19.  On  the  other  hand,  the 
molecular  and  hence  the  crys- 
tallographic  symmetry  is  not 
always  that  which  the  geomet- 
rical form  would  suggest.  Thus,  deferring  for  the  moment  the  consideration 
of  pseudo-symmetry,  an  illustration  of  the  fact  stated  is  afforded  by  the  cube. 


♦  It  la  to  be  noted  that  the  perspective  figures  of  crj'stjils  always  show  tlie  geometrically 
Ideal  form,  \w  which  like  faces,  edges,  and  nngl(>s  have  tlie  same  shape,  size,  and  position. 
In  other  words,  the  ideal  crystal  is  uniformly  represented  as  having  the  symmetry  called 
for  by  the  strict  geometrical  definition. 
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It  has  already  been  implied  and  will  be  fully  explained  later  that  while  tho 
cube  of  the  normal  group  of  the  isometric  system  has  the  symmetry  described 
in  Arts.  15,  16,  a  cube  of  the  same  geometrical  form  but  belonging  molecularly, 
for  example,  to  the  tetrahedral  group,  has  no  planes  of  symmetry  parallel  to 
the  faces,  only  the  six  diagonal  planes  ;  further,  though  the  four  axes  shown 
in  Fig.  18  are  still  axes  of  trigonal  symmetry,  the  cubic  axes  (Fig.  19)  are 
axes  of  binary  symmetry  only,  and  there  are  no  axes  of  symmetry  correspond- 
ing to  those  represented  in  Fig.  17.  Other  more  complex  cases  will  be 
described  later. 

Further,  a  crystal  having  interfacial  angles  of  90**  is  not  necessarily  a  cube; 
in  other  words,  the  angular  relations  of  the  faces  do  not  show  in  this  case 
whether  the  figure  is  bounded  by  six  like  faces;  or  whether  only  two  are  alike 
and  the  third  unlike;  or,  finally,  whether  there  are  three  pairs  of  unlike  faces. 
The  question  must  be  decided,  in  such  cases,  by  the  molecular  structure 
as  indicated  by  the  physical  nature  of  the  surfaces,  by  the  cleavage,  or  by 
other  physical  characters,  as  pyro-electricity,  those  connected  with  light 
phenomena,  etc. 

Still  again,  the  student  will  learn  later  that  the  decision  reached  in  regard 
to  the  symmetry  to  which  a  crystal  belongs,  based  upon  the  distribution  of  the 
faces,  is  only  preliminary  and  approximate,  and  before  being  finally  accepted 
it  must  be  confirmed,  first,  by  accurate  measurements,  and,  second,  by  a  minute 
study  of  the  physical  characters  as  just  insisted  upon. 

The  method  based  upon  the  physical  characters,  which  cives  most  conclusive  results 
aud  admits  of  the  widest  application,  is  the  skillful  etching  of  the  surface  of  the  crystal  by 
some  appropriate  solvent.  By  this  means  there  are.  in  geneml,  produced  upon  it  minut« 
depressions  the  shape  of  which  always  conforms  to  the  symmetry  in  the  arrangement  of  the 
molecules.  This  process,  which  is  in  part  essentially  one  involving  tlie  dissection  of  the 
molecular  structure,  is  more  particularly  discussed  in  the  chapter  on  Physical  Mineralogy. 

20.  Pseudo-symmetry. — The  crystals  of  certain  species  approximate  closely 
in  angle,  and  therefore  in  apparent  svmmetry,  to  the  requirements  of  a  system 
higher  in  symmetry  than  that  to  which  they  actually  belong:  they  are  then 
said  to  exhibit  pseudo-symmetry.  Numerous  examples  are  given  under  the 
different  systems.  Thus  the  micas  have  been  shown  to  be  truly  monoclinic 
in  crystallization,  though  in  angle  they  seem  to  be  in  some  cases  rhombo- 
hedral,  in  others  orthorhombic. 

It  will  be  shown  later  that  compound,  or  twin,  crystals  may  also  simulate 
by  their  regular  grouping  a  higher  grade  of  symmetry  than  that  which  belongs 
to  the  single  crystal.  Such  crystals  also  exhibit  pseudo-symmetry  and  are 
specifically  called  mimetic.  Thus  aragonite  is  an  example  of  an  orthorhombic 
species,  whose  crystals  often  imitate  by  twin?iing  tliose  of  the  hexngonal 
system.*  Again,  a  highly  complex  twinned  crystal  of  the  monoclinic  species, 
phillipsite,  may  have  nearly  the  form  of  a  rhombic  dodecahedron  of  the 
isometric  system.  This  kind  of  pseudo-symmetry  also  occurs  among  the 
groups  of  a  single  system,  since  a  crystal  belonging  to  a  group  of  low  symmetry 
may  by  twinning  gain  tlie  geometrical  symmetry  of  the  corresponding  form 
of  the  normal  group.  This  is  illustrated  by  a  twiiined  crystal  of  scheelite 
like  that  figured  (Fig.  378)  in  the  chapter  on  twin  crystals. 

Pseudo-symmetry  of  still  another  kind,  where  there  is  an  imitation  of  the 
symmetry  of  another  system  of  lower  grade,  is  particularly  common  in 
crystals  of  the  isometric  system  (e,g,y  gold,  copper).     The  result  is  reached  in 

•The  iarma pseud/}- hexagonal,  etc.,  used  in  this  ar.J  similar  cases  explain  themselves. 
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such  cases  by  an  abnormal  development  or  "  distortion "  in  the  direction  of 
certain  axes  of  symmetry.  This  subject  is  discussed  and  illustrated  on  a 
later  page. 

21.  Possible  Groups  of  Symmetry. — The  theoretical  consideration  of  the 
different  kinds  of  symmetry  possible  among  crystals  built  up  of  like  molecules, 
as  explained  in  Arts.  30-32,  has  led  to  the  conclusion  that  there  are  thirty- 
two  (32)  types  in  all,  differing  with  respect  to  the  combination  of  the  different 
symmetry  elements  just  described.  Of  these  thirty-two  natural  groups  among 
crystals  based  upon  their  symmetry,  seven  groups  include  by  far  the  larger 
number  of  crystalli^d  minerals.  Besides  these,  some  thirteen  or  fourteen 
others  are  distinctly,  represented,  though  several  of  these  are  of  rare  occur- 
rence. Further,  eight  or  nine  others,  making  in  all  twenty-nine  or  thirty,  are 
known  among  crystaj^ized  salts  made  in  the  laboratory.  The  characters  of 
each  of  the  thirty-t^p  groups  are  given  under  the  discussion  of  the  several 
crystalline  systems. 

22.  Crystallographic  Axes. — In  the  description  of  the  form  of  a  crystal, 
especially  as  regards  the  position  of  its  faces,  it  is  found  convenient  to 
assume,  after  the  methods  of  analytical  geometry,  definite  lengths  of  certain 
lines  passing  through  the  center  of  the  ideal  crystal,  as  a  basis  of  reference. 
(See  further  Art.  33  et  seq.) 

These  lines  are  called  the  crystallographic  axes.  Their  direction  is  to  a 
greater  or  less  extent  fixed  by  the  symmetry  of  the  crystals,  for  an  axis  of 
svmmetry  is  in  almost  all  cases  *  a  possible  crystallographic  axis.  Further, 
their  unit  lengths  are  fixed  sometimes  by  the  symmetry,  sometimes  by  the 
faces  assumed  as  fundamental,  i.e.,  the  unit  forms  in  the  sense  defined  later. 
The  dotted  lines  shown  in  Fig.  19  are  the  crystallographic  axes  to  which  the 
cubic  faces  are  referred. 

23.  Systems  of  Crystallization. — The  thirty-two  possible  crystalline  groups, 
distinguished  from  one  another  hj  their  symmetry,  are  classified  in  this  work 
under  six  systems,  each  characterized  by  the  relative  lengths  and  inclinations 
of  the  assumed  crystallographic  axes.     These  are  as  follows: 

I.  Isometric  System.     Three  equal  axes  at  right  angles  to  each,  other. 

II.  Tetragonal  System.  Three  axes  at  right  angles  to  each  other,  two 
of  them — the  lateral  axes — equal,  the  third — the  vertical  axis— longer  or 
shorter. 

III.  Hexagonal  Sxstem.  Four  axes,  three  equal  lateral  axes  in  one 
plane  intersecting  at  angles  of  60°,  and  a  vertical  axis  at  right  angles  to  this 
plane  and  longer  or  shorter. 

IV.  Orthorhombic  System.  Three  axes  at  right  angles  to  each  other, 
but  all  of  different  lengths. 

V.  MoNOCLixio  System.  Three  axes  unequal  in  length,  and  having  one 
of  their  intersections  oblique,  the  two  other  intersections  equal  to  90**. 

VI.  Triclinic  System.  Three  unequal  axes  with  mutually  oblique 
intersections. 

The  systems  of  crystallizaliou  have  been  variously  named  by  different  authors,  as 
follows: 

Isometric.  TeMular  of  Mohs  and  Haidin^er;  iMtneti'tc  of  Hausmann;  Tesseral  of 
N'aumaun;  Regular  of  Weiss  and  Rose;  CtUnc  of  Dufrenoy,  Miller,  Des  Cloizeauz; 
Monometric  of  the  earlier  editions  of  Dana's  System  of  Mineralogy. 

*  Exceptions  are  found  in  the  isometric  system,  where  the  axes  must  necessarily  be  the 
axes  of  tetragonal  symmetry  (Fig.  19),  and  cannot  be  those  of  binary  or  trigonal  symmetry 
(Figs.  17,  18). 
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Tetragonal.  Pyramidal  of  M0I18;  Viergliedrigc,  or  Ztcei-und'einaxige,  of  Weiss; 
Tetragonal  of  Naumiiuu;  Motiodimetric  u(  Hausmnuu;  Quadratic  of  von  Kubell;  Dimetric 
of  early  editions  of  Dana's  System. 

Hexagonal.  Rliombohedral  of  Mohs;  Secbsgliedrige,  or  Dreiund-emajnge  of  Weiss; 
Hexagonal  of  Naumanu;  Monotrimetrie  of  Hausmunn. 

OuTHORHOMBic.  Prismatic,  or  Ortliotype,  of  Mobs;  Ein-undeinaxige  of  Wei8«; 
Rliomldc  and  Anisometric  of  Naumann;  Trimetric  and  Orttioraombic  ot  Hausmaun; 
Trimetric  of  earlier  ediiions  of  Dana's  System. 

MoNOCLiNic.  Uemiprismatic  and  Uemiarthotype  of  Mohs;  Skoeiundeingliedrige  of 
Weiss;  Monoclinohedr»d  of  Naumann;  Clinorhombic  of  v.  Kobell.  Hausmaun,  Des 
Cloizeanx:  Augitic  of  Haidinger;  Oblique  ot  Miller;  Monosymmetric  of  Grotb  (1876). 

Tkiclinic.  Tc  tar  to-prismatic  of  Mohs;  Einund-eingliedri^e  of  We  ss;  Triclinohedral 
of  Kaumanu;  Ciinorfiomboidal  oi  v.  Kobell;  Anorifac  of  Haidmger  and  Miller;  Anoj't^iie, 
or  Doiibly  Oblique,  of  Des  Oloizeaux;  Ast^rnmetric,  of  Groili  (1870). 

As  remarked  later,  some  authors  prefer  to  divide  the  tliirty-lwo  symmetry  groups  into 
«ff^n  systems,  referring  the  ffo-culled  rbouibobedral  forms  to  three  equal  axes  with  equal 
oblique  intersections;  this  is  the  trigonal  ttystem  of  Groth  (189($). 

24.  Each  one  of  the  six  systems,  as  will  be  understood  from  Art.  21, 
embraces  several  groups  differing  among  themselves  in  their  symmetry. 
One  of  these  groups  is  conveniently  willed  the  normal  group,  since  it  is  in 
general  the  common  one,  and  since  further  it  exhibits  the  highest  degree  of 
symmetry  possible  for  the  given  system,  while  the  others  are  lower  in  grade 
of  symmetry. 

It  is  important  to  note  that  the  groups  comprised  within  a  given  system 
are  at  once  essentially  connected  together  by  their  common  optical  characters, 
and  in  general  separated  *  from  those  of  the  other  systems  in  the  same  way. 

In  the  paragraphs  immediately  following,  a  synopsis  is  given  of  the  sym- 
metry of  the  normal  group  of  each  of  the  different  systems,  and  also  that  of 
one  subordinate  group  of  the  hexagonal  system,  which  is  of  so  great  impor- 
tance that  it  is  also  often  conveniently  treated  as  a  sub-system  even  when,  as 
in  this  work,  the  forms  are  referred  to  the  same  axes  as  those  of  the  strictly 
hexagonal  type — a  nsage  not  adopted  by  all  authors. 

25.  Symmetry  of  the  Systems. — With  respect  to  the  symmetry  of  the  form, 
which  finds  practical  expression,  as  before  stated,  in  the  axial  relations,  the 
normal  groups  under  the  different  systems  are  characterized  as  follows. 

I.  Isometric  System.  Three  like  axial  f  planes  of  symmetry  (principal 
planes)  parallel  to  the  cubic  faces,  and  fixing  by  their  intersection  the 
crystallographic  axes;  six  like  diagonal  planes  of  symmetry,  passing  through 
each  opposite  pair  of  cubic  edges,  and  hence  parallel  to  the  faces  of  the 
rhombic  dodecahedron. 

Further,  three  like  axes  of  tetragonal  symmetry,  the  cubic  or  crystallo- 
graphic axes;  four  like  axes  of  trigonal  symmetry,  the  octahedral  axes;  and 
six  like  axes  of  binary  symmetry,  the  dodecahedral  axes.  There  is  also 
obviously  a  center  of  symmetry.);  These  relations  are  illustrated  by  Fig.  28; 
also  by  Fig.  41 ;  further  by  Figs.  70  to  110. 

*  Crystals  of  the  tetragonal  and  hexn^^onal  systems  are  alike  in  being  optically  anaxial; 
but  the  crystals  of  all  the  other  systems  have  distinguishing  optical  characters. 

f  Two  planes  of  symmetry  are  said  lobe  like  when  they  divide  the  ideal  crystal  into 
halves  which  are  identical  to  each  other:  otherwise,  tliey  are  said  to  be  unlike.  Axes  of 
symmetry  are  nlso  like  or  unlike.  If  a  plane  of  symmetry  includes  two  of  the  crystallo- 
graphic axes,  it  is  cjillcd  nn  axial  plane  of  symmetry.  If  the  plane  includes  two  or  more 
like  axes  of  symmetry,  it  is  callfd  a  principal  pl^ine  of  symmetry;  also  an  axis  of  symmetry 
in  which  two  or  more  like  planes  of  symmetry  m«  et  is  a  j>rineipal  axis  of  symmetry. 

Jin  describing  the  symmetry  of  the  diffei-ent  gioups.  here  and  later,  the  center  of 
symmetry  is  ordinarily  not  mentioned  when  its  presence  or  absence  is  obvious. 
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II.  Tetragonal  Systev.  Three  axial  planes  of  symmetry :  of  these  two 
are  like  planes  intersecting  at  90°  in  a  line  which  is  the  verticnl  crystallo- 
graphic  axis,  and  the  third  plane  (a  principal  plane)  is  normal  to  them  and 


Oalena. 


Rutile. 


hence  contains  the  lateral  axes.  There  are  also  two  diagonal  planes  of  sym- 
metry, intersecting  in  the  vertical  axis  and  meeting  the  two  axial  planes  at 
angles  of  45°, 

Further,  there  is  one  axis  of  tetragonal  symmetry,  a  principal  axis;  this  is 
the  vertical  crystallograpfaic  axis.  There  are  also  in  a  plane  normal  to  this 
fonr  axes  of  binary  symmetry — like  two  and  two — those  of  each  pair  at  right 
angles  to  each  other.  Fig.  29  shows  a  typical  tetragonal  crystal,  and  Fig.  30 
a  basal  projection  of  it,  that  is,  a  projection  on  the  principal  plane  of  sym- 
metry normal  to  the  vertical  axis.     See  also  Fig.  42  and  Figs.  149-171, 

III.  Hexagonal  System.  In  the  Ilexaaonal  Division  there  are  fonr 
axial  planes  of  symmetry ;  of  these  three  are  like  planes  meeting  at  angles  of 
60",  their  intersection -line  being  the  vertical  crystallographic  axis;  the  fonrth 
plane  (a  principal  plane)  is  at  right  angles  to  these.  There  are  also  three 
other  diagonal  planes  of  symmetry  meeting  the  three  of  the  first  set  in  the 
vertical  axis,  and  making  with  them  angles  of  30°. 


Beryl. 


Beryl. 


CoruDdum. 


Farther,  there  is  one  principal  axis  of  hexagonal  symmetry;  this  is  the 
vertical  crystallographic  axis;  nt  right  angles  to  it  there  are  also  six  binary 
axes.  The  last  are  in  two  setd  of  three  each.  Fig.  31  shows  a  typicM. 
hexagonal  crystal,  and  Fig.  33  a  basal  projection  of  the  same.  See  alsc 
Pig.  43  and  Figs.  195-300. 
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In  the  Trigonal  or  Rhnmbohedrul  Division  of  this  system  there  are  three 
like  plaues  of  symmetry  intersecting  at  angles  of  60  in  the  vertical  axis. 
Furtlier,  the  forms  belonging  here  hav«  a  vertical  principal  axis  of  trigonal 
fljmmetry,  and  three  liorizontal  axes  of  binary  symmetry,  diagonal  in  position 
to  the  cryatallographic  axes.  Fig.  33  shows  a  typical  rliom  bolted  nil  ciyatal, 
and  Fig.  34  u  basal  piojectiou.     See  also  Figs.  226-253. 
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Corimdum.  UhryBoIite.  Chrysolite, 

IV.  Orthohhumbic  Systkm.  Three  nnlike  planes  of  symmetry  meeting 
at  90°,  and  fixing  by  tlieir  interBection-linee  the  position  of  the  crystallo- 
graphic  axes.  Furtlier,  three  unlike  axes  of  binary  symmetry  coinciding  with 
the  laat-named  axes.  Fig.  115  shows  a  typical  orthorhombic  crystal,  and 
Fig.  36  a  basal  projection.      Sl-o  also  Fig.  44  and  Figs.  275-303. 

V.  Monoi;lin"Ic  .System.  One  plane  of  symmetry  which  contains  two  of 
the  crystallographic  axoB.  Also  one  axis  of  binary  symmetry,  normal  to  this 
plane  and  coinciding  with  the  third  cryBtallographic  axis.  See  Figs.  37-39; 
slso  Fig.  45  and  Figs.  312-327. 


Pyroxene.  Pyroxene.  Axtnlte. 

VI.  Tricunic  System,  No  plane  and  no  axis  of  symmetry,  bnt  sym- 
metry solely  with  respect  to  the  central  point.  Fig.  40  and  Fig.  46  show 
typical  triclinic  crystals.     See  alao  Figs.  333-341. 

26.  The  relations  of  the  normal  groups  of  the  different  systems  are  further 
illustrated  both  as  regards  the  crystallographic  axes  and  symmetry  by  the  accom- 
panying figures,  41-46.  The  exterior  form  is  here  that  bonnded  by  faces  each 
of  which  is  parallel  to  a  plane  through  two  of  the  crystallographic  axes 
indicated  by  the  central  broken  lines.  Further,  there  Is  shown,  within  this,  the 
combination  of  faces  each  of  which  joins  the  extremities  of  the  unit  lengths 
of  the  axes. 
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The  full  understauding  of  the  subject  will  not  be  gained  until  after  a 
atudy  of  the  forma  of  eiicb  system  in  detail.     Nevertheless  the  student  will  da  ■ 
well  to  make  himself  familiar  at  the  outset  with  the  fundamental  relationi 
here  illustrated. 


4f 

> 

It  will  be  shown  later  that  the  symmetry  of  the  different  groups  cao  be 
most  clearly  and  easily  exhibited  by  the  use  of  the  sphericaj  projection  ex- 
plained in  Art.  39  0^  seq. 


learning  iIjc  fuadameDlal  retaLlooa  as  regards  BjLnmetry.  Tliey  shoiili)  fhnv  willilii  the 
cryslalloKTopblc  axes,  and  by  colored  threads  or  wires  the  outliaeFi  of  one  or  more  simple 
forms.  Hoilels  *  of  wood  are  also  made  in  great  variety  and  perfection  of  fortu ;  these  are 
indlspeusable  to  thi;  student  fn  mastering  the  prindpiea  of  crjstnllogrnpljy. 

28.  So-called  Holobedr^l  and  Hemihedral  Porma. — It  will  appear  later  that 
«ach  crystal  form  f  of  the  normal  grou^  in  a  given  system  embraces  all  the 
faces  which  have  a  like  geometrical  position  with  reference  to  the  crystallo- 
graphic  axes;  such  11  form  is  said  to  be  holohedral  (from  o\os  and  eSpa,  face). 
On  the  other  hand,  under  the  groups  of  lower  Bymmetry,  a  certain  form,  while 
necessarily  having  all  the  faces  which  the  symmetry  allows,  may  yet  have  bnt 
half  as  many  as  the  corresponding  form  of  the  normal  gronp;  these  half-faced 
forms  are  sometimes  called  on  this  account  hemihedral.  Furtliermore,  it  will 
be  seen  that,  in  such  cases,  to  the  given  holohedral  form  there  correspond  two 
similar  and  complementary  hemihedral  forms,  called  resi>ectively  plus  and 
minus  (or  right  and  left),  which  together  embrace  all  of  its  faces. 
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A  single  example  will  help  to  make  the  above  statement  iDtelligible.  In  the  normal 
group  of  the  isometric  sjy^slem,  the  octahedron  (Fig.  47)  is  a  "holonedral"  form  with  all 
the  possible  faces — eight  in  number — which  are  alike  in  that  they  meet  the  axes  at  equal 
distances.  In  the  telruhedral  group  of  the  same  system,  the  forms  are  referred  to  the  same 
crystailographic  axes,  but  the  symmetry  defined  m  Art.  19  (and  more  fully  later)  calls  for 
but  four  similar  faces  having  the  position  described.  These  yield  a  four-faced,  or  "hemi. 
hedral."  form,  the  tetrahedron.  Figures  48  and  49  show  the  plus  and  minus  tetrahedron, 
which  together,  it  will  be  seen,  embrace  all  the  faces  of  the  octahedron,  Fig.  47. 


4 


47. 


48. 


49. 
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In  certain  groups  of  still  lower  symmetry  a  given  crystal  form  may  have 
but  one-quarter  of  the  faces  belonging  to  the  corresponding  normal  form,  and, 
after  the  same  method,  such  a  form  is  sometimes  called  tetartohedral. 

The  development  of  the  various  possible  kinds  of  hemihedral  (and  tetarto- 
hedral)  forms  under  a  given  system  has  played  a  prominent  part  in  the  crystal- 
lograpny  of  the  past,  but  it  leads  to  much  complexity  and  is  distinctly  less 
simple  than  the  direct  statement  of  the  symmetry  in  each  case.  The  latter 
method  is  systematically  followed  in  this  work,  and  the  subject  of  hemihedrism 
is  dismissed  with  the  brief  (and  incomplete)  statements  of  this  and  the  follow- 
ing paragraphs. 

29.  Hemimorphic  Forms. — In  several  of  the  systems,  forms  occur  under  the 
groups  of  lower  symmetry  than  that  of  the  normal  group  which  are  character- 
ized by  this:  that  there  is  no  transverse  plane  of  sym- 
metry, but  the  faces  present  are  only  those  belonging  to 
one  extremity  of  an  axis  of  symmetry  (and  crystailo- 
graphic axis).  Such  forms  are  conveniently  called  hemi- 
morphic  forms.  A  simple  example  under  the  hexagonal 
system  is  given  in  Fig.  50.  It  is  obvious  that  hemi- 
morphic forms  have  no  center  of  symmetry. 

30.  Molecular  Networks. — Much  light  has  recently 

been  thrown  upon  the  relations  existing  between  the 

different  types  of  crystals,  on  the  one  hand,  and  of  these 

to  the  physical  properties  of  crystals,  on  the  other,  by 

the  consideration  of  the  various  possible  methods  of 

grouping  of  the  molecules  of  winch  the  crystals  are 

supposed  to  be  built  up.   This  subject,  very  early  treated 

by  Hauy  and  others  (including  J.  D.  Dana),  was  discussed  at  length  by  Fran- 

kenheim  and   later  by  Bravais.     More  recently  it  has  been   extended   and 

elaborated  by  Sohncke,  Wulff,  Schonfliess,  Fedorow,  Barlow,  and  others.* 

All  solid  bodies,  as  stated  in  Art.  7,  are  believed  to  be  made  up  of  definite 


Ziucite. 


*  See  the  literature  following  Art.  82. 
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phyeical  nuits,  called  the  physical,  or  crystal,  molecnIeB.  Of  the  form  of  the 
molecuIcB  nothing  ia  defiuitelv  known,  aud  though  theory  has  something  to  say 
about  their  size,  it  is  enough  here  to  understand  that  they  are  almost  iufinitely 
small,  80  small  that  the  surface  of  a  solid — e.g.  of  a  cnrstal — may  appear  to  the 
touch  and  to  the  eye,  even  when  assisted  by  a  powerful  microscope,  as  perfectly 
smooth. 

The  molecules  are  further  believed  to  be  not  in  contact  but  separated  from 
one  another— if  in  contact,  it  would  be  impossible  to  explain  the  motion  to  which 
the  sensible  heat  of  the  body  is  due,  or  the  transmission  of  radiation  (radiant 
heat  and  light)  through  the  mass  by  the  wave  motion  of  the  ether,  which  is 
believed  to  penetrate  tne  body. 

When  a  body  passes  from  the  state  of  n  liquid  or  a  gas  to  that  of  a  solid, 
under  such  conditions  as  to  allow  perfectly  free  action  to  the  forces  acting 
between  the  molecules,  the  result  is  a  crystal  of  some  definite  type  as  regards 
symmetry.  The  simplest  hypothesis  which  can  be  made  assumes  that  the 
form  of  the  crystal  is  determined  by  the  way  in  which  the  molecules  ^oup 
themselves  together  in  a  position  of  equilibrium  under  the  action  of  the  inter- 
molecular  forces. 

As,  however,  the  forces  between  the  molecules  vary  in  magnitude  and  direc- 
tion from  one  type  of  crystal  to  another,  the  resultant  grouping  of  the  molecules 
must  also  vary,  particularly  as  regards  the  distance  between  them  and  the 
angles  between  the  planes  in  which  they  He.  This  may  be  simply  represented 
by  a  series  of  geometrical  diagrams,  snowing  the  hypotheticiu  groupings  of 


sfeaslfe" 


llggfe^-3. 


points  which  are  strictly  to  he  regarded  as  the  centers  of  gravity  of  the  roole- 
cnles  themselves.  Such  a  grouping  is  named  a  network,  or  point- By  stem,  and 
it  ia  said  to  be  regular  when  it  is  the  same  for  all  parallel  lines  and  planes, 
bowever  they  be  taken.  For  the  fundamental  observed  fact,  true  in  all  simple 
crystals,  that  they  have  like  physical  properties  in  all  parallel  directions,  leads 
to  the  conclusion  that  the  grouping  of  the  molecules  must  be  the  same  about 
each  one  of  them  (or  at  least  about  each  unit  group  of  them),  and  further  the 
same  in  all  parallel  lines  and  planes. 

The  subject  may  be  illustrated  by  Figs.  51,  53  for  two  typical  cases,  which 
are  easily  understood.  In  Fig.  51  the  moat  special  case  is  represented  where 
the  points  are  grouped  at  equal  distances,  in  planes  at  right  angles  to  each 
other.    The  structure  in  this  case  obviously  corresponds  in  symmetry  to  the 
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cube  described  in  Arts.  16  and  16,  or,  in  other  words,  to  the  normal  group  of 
the  isometric  system.  Again,  in  Fig.  52,  the  general  case  is  shown  where  the 
molecules  are  unequally  grouped  in  the  three  directions,  and  further  these 
directions  are  oblique.  The  symmetry  is  here  that  of  the  normal  group  of  the 
triclinic  system. 

If,  in  each  of  these  cases,  the  figure  be  bounded  by  the  simplest  possible 
arrangement  of  eight  points,  the  result  is  an  elementary  parallelopiped,  which 
obviously  defines  the  molecular  structure  of  the  whole.  In  the  grouping  of 
these  parallelepipeds  together,  as  described,  it  is  obvious  that  m  wnatever 
direction  a  line  be  drawn  through  them,  the  points  (molecules)  will  be  spaced 
alike  along  it,  and  the  grouping  about  any  one  of  these  points  will  be  the  same 
as  about  any  other. 

31.  Certain  important  conclusions  can  be  deduced  from  a  consideration  of 
such  regular  molecular  networks  as  have  been  spoken  of,  which  will  be 
enumerated  here  though  it  is  impossible  to  attempt  a  full  explanation. 

(1)  The  prominent  crystalline  faces  must  be  such  as  include  the  largest 
number  of  points,  that  is,  those  in  which  the  points  are  nearest  together. 

Thus  in  Fig.  53,  which  represents  a  section  of  a  network  conforming  in 
symmetry  to  the  structure  of  a  normal  orthorhombic  crystal,  the  common  crystal- 
line faces  would  be  expected  to  be  those  having  the  position  bb,  aa,  mm,  then 


63. 


n\  15 


n^^jn 


U,  nn,  and  so  on.  This  is  found  to  be  true  in  the  study  of  crystals,  for  the 
common  forms  are,  in  nearly  all  cases,  those  whose  position  bears  some  simple 
relation  to  the  assumed  axes;  forms  whose  position  is  complex  are  usually 
present  only  as  small  faoes  on  the  simple  predominating  forms,  that  is,  as 
modifications  of  them.     So-called  vicinal  forms,  that  is,  forms  taking  the  place 
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of  the  simple  fundamental  forms  to  which  they  approximate  very  closely  in 
angular  position,  are  exceptional. 

(2)  When  a  variety  of  faces  occur  on  the  same  crystal,  the  numerical  rela- 
tion existing  between  them  (that  which  fixes  their  position)  must  be  rational 
and,  as  stated  in  (1),  a  simple  numerical  ratio  is  to  be  expected  in  the  common 
cases.  This^  as  explained  later,  is  found  by  experience  to  be  a  fundamental 
law  of  all  crystals.  Thus  in  Fig.  53,  starting  with  a  face  meeting  the  section 
in  mnif  II  would  be  a  common  face,  and  for  it  the  ratio  is  1:2  in  the  directions 
b  and  a;  nn  would  be  also  common  with  the  ratio  2: 1. 

(3)  If  a  crystal  shows  the  natural  easy  fracture,  called  cleavage,  due  to  a 
minimum  of  cohesion,  the  cleavage  surface  must  be  a  surface  of  relatively  great 
molecular  crowding,  that  is,  one  of  the  common  or  fundamental  faces.  This 
follows  (and  thus  gives  a  partial,  though  not  complete,  explanation  of  cleav- 
age) since  it  admits  of  easy  proof  that  that  plane  in  which  the  points  are 
closest  together  is  farthest  separated  from  the  next  molecular  plane.  Thus  in 
Fig.  53  compare  the  distance  separating  two  adjoining  planes  parallel  to  hb  or 
aa'y  then  two  parallel  to  mm,  liy  nn,  etc.  Illustrations  of  the  above  will  be 
found  under  the  special  discussion  of  the  subject  of  cleavage. 

32.  Kinds  of  Molecular  Groupings. — The  discussion  on  the  basis  just 
described  shows  that  there  are  fourteen  possible  types  of  arrangement  of  the 
molecules.  These  agree  as  to  their  symmetry  with  the  seven  groups  defined  in 
Art.  25  as  representing  respectively 
the  normal  groups  of  the  six  systems 
with  also  that  of  the  trigonal  (or 
the  rhombohedral)  division  of  the 
hexagonal  system  Of  the  fourteen, 
three  groupings  belong  to  the  iso- 
metric system  (these  are  shown,  for 
sake  of  illustration,  in  Fig.  54,  a,b,c,  from  Groth);  two  to  the  tetragonal;  one 
each  to  the  hexagonal  and  the  rhombohedral ;  four  to  the  orthorliombic  sys- 
tem; two  to  the  monoclinic,  and  one  to  the  tricHnic. 

In  its  simplest  form,  as  above  outlined,  the  theory  fails  to  explain  the  ex- 
istence of  the  groups  under  the  several  systems  of  a  symmetry  lower  than  that 
of  the  normal  group.  It  has  been  shown,  however,  by  Sohncke  and  later  by 
Fedorow,  Schon flies  and  Barlow,  that  the  theory  admits  of  extension.  The 
idea  supposed  by  Sohncke  is  this:  that,  instead  of  the-  simple  form  shown,  the 
network  may  consist  of  a  double  system,  one  of  which  may  be  conceived  of  as 
having  a  position  relative  to  the  other  (1)  as  if  pushed  to  one  side,  or  (2).  as  if 
rotated  about  an  axis,  or  finally  (3)  as  if  both  rotated  as  in  (2)  and  displaced 
as  in  (1).  The  complexity  of  the  subject  makes  it  impossible  to  develop  it 
here.  It  must  suffice  to  say  that  with  this  extension  Sohncke  concludes  that 
there  are  65  possible  groups.  This  number  has  been  further  extended  to  230 
by  the  other  authors  named,  but  it  still  remains  true  that  these  fall  into  32 
distinct  types  as  regards  symmetry,  and  thus  all  the  observed  groups  of  forms 
among  crystals,  described  under  the  several  systems,  have  a  theoretical 
explanation. 

Literature. — A  complete  understanding  of  this  subject  can  only  be  gained 
by  a  careful  study  of  the  many  papers  devoted  to  it,  a  partial  list  of  which  is 
added  below.  Further  references  particularly  to  the  early  literature  are 
given  in  Sohncke's  work  (see  below).  An  excellent  and  very  clear  summary  of 
the  whole  subject  is  given  by  Groth  in  the  third  edition  of  his  Physikalische 
Ejrystallographie^  1895. 
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GENERAL  MATHEMATICAL  RELATIONS  OF 

CRYSTALS. 

33.  Axial  Eatio,  Axial  Plane. — The  crystallographic  axes  have  been  defined 
(Art.  22)  as  certain  lines,  usually  determined  by  the  symmetry,  which  are  used 
in  the  description  of  the  faces  of  crystals,  and  in  the  determination  of  their 
position  and  angular  inclination.     With  these  objects  in  view,  certain  lengths 

55,  of  these  axes  are  assumed  as  units  to  which  the 

occurring  faces  are  referred. 

The  axes  are,  in  general,  lettered  a,  b,  c,  to 
correspond  to  the  scheme  in  Fig.  55.  To  aid  the 
memory,  the  letters  may  be  further  distinguished; 
as  i  (vertical  axis) ;  d,  I  (shorter  and  longer  lateral 
axes),  etc. 

If  two  of  the  axes  are  equal,  they  are  desig- 
nated a,  a,  d;  if  three,  a,  a,  a.  In  one  system,  the 
hexagonal,  there  are  four  axes,  lettered  a,  a,  a,  i. 

Further,  in  the  systems  other  than  the  isomet- 
ric, one  of  the  lateral  axes  is  taken  as  the  unit  to 
which  the  other  axes  are  referred;  hence  the  lengths  of  the  axes  express 
strictly  the  axial  ratio.  Thus  for  sulphur  (orthorhombic,  see  Fig.  57)  the 
axial  ratio  is 

a:  h:  i  =  0-8131  :  1  :  1*9034. 

For  rutile  (tetragonal)  it  is 

a  :  (!  =  1  :  0-64415,    or,    simply,  6  =  0-64415. 
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The  plane  of  any  two  of  the  axes  is  called  an  axial  plane,  aod  the  space 
inchided  by  the  three  axial  planes  ie  an  octant,  since  the  total  space  abont  the 
center  is  thus  divided  by  the  three  axes  into  eight  parts.  In  the  hexagonal 
sjsteni,  however,  where  there  are  three  lateral  axes,  the  space  about  the  center 
is  divided  into  13  parts,  or  aeclants. 

34.  Parametert,  Symbol.— The  parameters  of  a  plane  are  its  intercepts  on 
the  assumed  axes.  The  symbol  expresses,  often  in  abbreviated  form,  the 
relation  of  these  intercepts  to  certain  lengths  of  the  axes  taken  as  nnits. 

For  example,  in  Fig,  56  let  the  lines  OX,  OY,  02  he  taken  as  the  direc- 
tions of  the  crystallographic  axes,  and  let  OA,  OB,  DC  represent  the  unit 
lengths,  designated  (always  in  the  same  order)  by  the  letters  a,  b,  c.  Then  th& 
parameters  for  the  plane  (1)  HKL  are  OH,  OK,  OL;  for  the  plane  (2)  RNM 
they  are  OR,  OJs,  OM.  But  in  terms  of  the  unit  lengths  these  ar», 
respectively. 


These  two  expressions  are  identical,  since  the  two  planes  HKL,  MNR  are 
parallel  and  hence  crystatlographically  the  same.  Obviously  each  of  the  above 
expressions  may  be  changed  into  the  other  by  multiplying  (or  dividing)  by  4. 


It  will  he  noted  that  in  (I)  the  numerators  of  the  fractional  numbers  express- 
ing the  relation  to  the  axes  are  all  nnity;  white  in  (2)  the  nnmber  referring 
to  one  of  the  lateral  axes  (n)  is  made  unity.  The  signiflcance  of  this  distinc- 
tion will  appear  at  once. 

The  general  expression  for  any  plane  referred  to  these  axes,  written  after 
(he  aame  method,  will  be 


(1) 


(3)     \a  :  tib  :  mc. 
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Here  in  (1)  the  numbers,  or  indices,  hkl  (in  the  case  above,  432)  constitute 
the  symbol  after  the  method  of  Miller  (1839;  earlier  developed  by  Whewell 
and  Grassmann). 

The  second  form  (2)  is  the  symbol  essentially  as  early  written  by  Weiss. 
This  last  was  contracted  by  Naumann  to  mPn  (mOn  in  the  isometric  system), 
the  axes  being  omitted  from  the  expression  and  the  order  reversed;  the  same 
with  the  omission  of  the  P  (or  U),  m-n,  is  adopted  in  Dana's  System  of 
Mineralogy,  in  the  last  edition  (1892)  of  which  wort,  however,  the  Miller  sym- 
bols are  given  the  preference. 

In  the  hexagonal  system  there  are  assumed  four  axes,  three  of  them  lateral 
axes.  Corresponding  to  this,  in  the  symbols  after  the  method  of  Miller  as 
adapted  by  Bravais,  there  are  four  indices,  hkll.  The  relation  of  these  to  the 
axes  is  the  same  as  in  the  other  cases,  as  explained  under  the  hexagonal 
system. 

The  following  are  other  examples  of  planes  with  the  symbols  written  after 
the  two  methods  given.  It  will  be  seen  that  the  respective  expressions  under 
(1)  and  {2)  are  identical. 

-;<.^  (1)  (2) 

,        ^K"*"  Miller*8  Symbol  Naumann 's  SymboL 

■i"  A  *    1        1       1 
^  -'^        o«'  n*:  r^ 221        or        la  lib  ,2c 2Por2 

212  "  la  :26:1c P2orl-2 

201  "  la  :  00  ft  :  2c 2-Pao  or  2-t' 

210  *•  la:25:Qoc QoP2ort-2 

100  •«  la  :  00  6:  00  c to  P<x>  or  i-i 

If  the  axial  values  are  measured  behind  for  the  axis  a,  to  the  left  for  b,  or 
below  for  c,  they  are  called  negative,  and  a  minus  sign  is  placed  over  the 
corresponding  number  of  the  Miller  symbols;  as. 
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Miller.  Miller. 


It  is  soinetimfs  stated  that  Nanmann's  symbols  are  tbe  more  easy  of  comprebension 
because  more  readily  referred  to  tbe  axes,  and  tbis  is  in  a  measure  true.  If  the  student, 
however,  will  accustom  himself  to  thiuk  of  tbe  Miller  symbols  in  the  form  given  above,  that 
is.  always  as  the  deiioiuinators  of  the  fractional  values  of  the  axes  whose  numerators  ai-e 
unity,  he  will  never  have  any  trouble  in  seeing  tbe  position  of  a  given  plane  relatively  to 
tbe  axes.  He  must  remember  that  tbe  order  is  always  that  given  above,  h,  k,  and  I  refer- 
ring respectively  to  the  axes  a,  6,  and  c;  moreover,  he  will  note  that  a  zero,  0,  always 

means  that  the  given  plane  is  parallel  to  the  axis  to  which  it  refers,  since  —  =  oo . 

With  the  symbols  of  Naumann,  the  wi,  written  first,  always  refers  to  the  vertical  axis, 
while  the  n,  which  follows,  and  is  always  greater  than  unity,  refers  to  one  of  tbe  lateral 
axes,  tbe  other  being  made  unity.  To  which  lateral  axis  tbe  n  belongs  is  often  indicated 
by  a  mark  over  tbe  n  (n,  or  n,  or  n).  or  attached  to  tbe  Pas  explained  under  the  different 
systems.  When  m  =  1.  it  is  omitted  before  tbe  P or  0  (but  not  so  when  the  Pis  dropped); 
and  when  n  =  1,  it  is  omitted  in  all  cases. 

Other  systems  of  symbols,  besides  tbe  two  explained,  have  also  been  or  still  are  in  use, 
as  those  of  Weiss,  of  Mohs  and  Uaidiuger,  Ilausmann,  L€vy,  Gbldschmidt,  and  others. 
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Of  tliese  the  symbols  of  Weiss  are  essentially  those  already  given  (under  2.  p.  2  i)  wlilcli* 
abbreviated  (and  inverted  in  order),  were  adopted  by  Naumanu.  The  symbols  of  Levy 
have  been  extendvely  used  by  the  French  school  of  mineralogists.  A  very  full  explanation 
of  all  the  different  systems,  as  of  that  recently  devised  by  himself,  is  given  in  Goldschmidt's 
Index  (1886-1891).  Transformation  eauations  for  the  important  cases,  are  given  by  Qroih 
(Phys.  Eryst.)* Mallard  (Crist.,  vol.  1),  Liebisch  (Kryst.),  and  others  ;  see  p.  2. 

35.  Law  of  Bational  Indices. — The  study  of  crystals  has  established  the 
general  law  that  the  ratios  between  the  intercepts  on  the  axes  for  any  face  on 
a  crystal  to  those  of  any  other  face  can  always  be  expressed  by  rational 
nnmoers.    These  ratios  may  be  1:2,  2:1,  2:3,  1:0  (oo:l),  etc.,  but  never 

1:  V2,  etc.  Hence  the  values  of  hkl  in  the  Miller  symbols  must  always  be 
either  whole  ?ivmbers  or  zero,  and  similarly  the  rn  and  n  of  Naumann's  symbols 
may  be  whole  numbers  or  fractious,  or  infinity. 

If  the  form  whose  intercepts  on  the  axes  a,  b,  c  determine  their  assumed 
unit  lengths — the  tinil  forf/i  as  it  is  called — is  well  chosen,  these  numerical 
values  of  the  indices  are  in  most  cases  very  simple.  In  the  Miller  symbols, 
0  and  the  numbers  from  1  to  6  are  most  common. 

The  above  law,  which  has  been  established  as  the  result  of  experience,  in 
fact  follows  from  the  consideration  of  the  molecular  structure  as  hinted  at  in 
an  earlier  paragraph  (Art.  31). 

The  law  of  rational  indices  finds  an  illustration  later  under  the  isometric  system.  It  i» 
stilted  there  that  ihree  of  the  five  regular  solids  of  geometry,  vix.,  the  cube,  octahedron, 
and  the  regular  trianguhir  pyramid  (crystallograpliically  the  tetrahedron)  all  occur  among 
crystals;  the  regular  pentagonal  dodecahedron  and  icosnhedron,  on  the  contrary,  are  im» 
possible  forms.    This  is  true  because  the  ratios  of  their  intercepts  on  the  axes  for  such  forma 

would  be  irrational;  thus  for  the  regular  dodecahedron  the  ratio  would  be  1 :  — III-2_-. 

2 

There  are,  it  is  true,  two  forms  respectively  twelve-sided  and  twenty-sided  which  approx- 
imate to  these  regular  solids,  but  their  faces  in  the  first  case  are  not  all  regular  pentagons, 
and  in  the  second  they  are  not  all  regular  triangles.  In  the  latter  case  it  will  be  seen  that 
the  twenty  faces  in  fact  belong  to  two  distinct  forms,  eight  of  one  and  twelve  of  the  other. 

36.  rorm. — A  form  in  crystallography  includes  all  the  faces  which 
have  a  like  position  relative  to  the  planes,  or  axes,  of  symmetry.  The  full 
meaning  of  this  will  be  appreciated  after  a  study  of  the  several 

systems.  It  will  be  seen  that  in  the  most  general  case,  that  of  a 
form  having  the  symbol  (hkl),  whose  planes  meet  the  assumed 
unit  axes  at  unequal  lengths,  there  must  be  forty-eight  like 
faces  in  the  isometric  system  *  (see  Fig.  101),  twenty-four  in  the 
hexagonal  (Fig.  201),  sixteen  in  the  tetragonal  (Fig.  166),  eight 
in  the  orthorhombic  (Fig.  57),  four  in  the  monoclinic,  and  two 
in  the  triclinic.  In  the  first  four  systems  the  faces  named  yield 
an  enclosed  solid,  and  hence  the  form  is  called  a  closed  form;  in 
the  remaining  two  systems  this  is  not  true,  and  such  forms  in  these 
and  other  cadec  are  called  open  forms.  Fig.  275  shows  a  crystal 
bounded  by  three  pairs  of  unlike  faces;  each  pair  is  hence 
an  open  form.     Figs.  58-61  show  open  forms. 

The  unil  or  fundamental  form  is  one  where  parameters  correspond  to  the 
assumed  unit  lengths  of  the  axes.  Fig.  57  shows  the  unit  pyramid  of  sulphur 
whose  symbol  is  (111);  it  has  eight  similar  faces,  the  position  of  which  deter- 
mines the  ratio  of  the  axes  given  in  Art.  33. 

*  The  normal  group  is  referred  to  in  each  case. 


%6  CBY8TALLOORAPHT. 

The  forms  In  the  Isometric  gyslem  bare  Bpeclft]  IndiTldiial  nnmea.  Klvea  later.  In  the 
other  ayalems  ceriaiu  geiierul  Dames  are  employed  which  mny  be  briefly  meDtloaed  here. 
A  form  whose  faces  uru  parallel  to  two  of  the  axes  *  1»  called  a  pinaeoid  (from  niya^,  a 
board.  It  is  showu  la  Fig.  58.  One  whose  faces  are  iwrallel  lo  the  Terlical  axis  but  meet 
both  the  laternl  axes  Is  culled  apritm,  as  fig.  G9.  If  the  fnces  are  parallel  to  one  lateral 
axis  oalj,  It  is  a  domt  (Figs.  60.  61).  If  ihe  faces  meet  nil  the  axes,  the  form  is  a. 
(Fig.  ST);  tills  tjnme  la  givea  even  If  there  is  only  one  face  beIon>!iug  to  the  form. 

lu  fig.  62,  a  (100),  b<010l.  e  lOOtj  ure  ploacoids;  fn(110},  «  <120)  are  prisms;  d  (101).  alio 
A(011),*(021)  are  domes;  alUhese  are  open  form*.  Finally,  <(11I). /(121)  are  pyramidi, 
sad  la  tilia  case  llivy  are  closed  forms.  Tlie  relation  existing  In  each  of  these  cases  betweca 
the  symbol  and  the  position  of  the  faces  lo  the  axes  should  be  carefully  studied. 


Basnl  Plonooid. 

Prism. 

(001) 

(110). 

(101) 

(AftO) 

(ftW) 

As  flhowa  In  Ihe  above  cases,  the  symbol  of  hform  is  usually  Included  In  pareatbeses, 

as  (111),  (100);  or  It  may  be  in  hruckets  [111]  or  -[ill  y.  If  the  symbol  is  written  without 
parenthesis,  as  111.  It  usually  refers  to  a  single  fnce  of  llie  forai  ouly.  Nole  also  that  with 
the  Miller  symbols,  each  face  of  u  girea  form  has  its  owu  iudividual  symbol. 

37.  Zone,— A  zone  mcludes  a  series  of  faces  on  a  crystal  whose  intersection- 
lines  are  mutnally  parallel  to  each  other  and  to  a  common  line  drawn  throneb 
the  center  of  the  crystal,  called  the  zone-axis.  This  parallelism  means  aim^y 
that  the  parameters  of  the  given  faces  have  a  constant  ratio  for  two  of  tlie  axes. 
Some  simple  numerical  relation  exists,  in  every  case,  between  all  the  faces  in  a 
zone,  which  is  expressed  by  the  zonal  equation.  The  faces  a,  m,  s,  It  (Fig.  63) 
are  in  a  zone;  also,  b,  k,  h,  c,  etc. 

If  a  face  of  a  crystal  falls  simultaneously  in  two  zones,  it  follows  that  its 
symbol  is  fixed  and  can  be  determined  from  the  two  zonal  equations,  without 
the  measurement  of  angles.  Further,  it  can  be  proved  that  the  (ace  cor- 
responding to  the  intersection  of  two  zones  is  iilways  a  possible  crystal  face, 
that  is,  one  having  rational  values  for  the  indices  which  define  its  position. 

In  many  cases  the  zonal  relation  is  obvious  at  sight,  but  it  can  always  be 
determined,  as  shown  in  Arts.  43,  44,  by  an  easy  calculation. 

tlluslrallons  will  be  given  after  llie  methods  of  represenilng  a  crystal  by  horizontal  and 
spherical  projections  have  been  explained. 

38.  Horizontal  Projeotioni, — In  addition  to  the  usual  perspective  figures  of 
crystals,  projections  on  the  basal  plune  (or  more  generally  the  plane  normal 
to  the  prismalic  zone)  arc  very  conveniently  used.  These  give  in  fact  a  map 
of  the  crystal  as  viewed,  from  above  looking  in  the  direction  of  the  axis  of 
the  prismatic  zone.  Figa,  30,  32,  H4  give  simple  examples;  also  Fig.  63  a 
projection  of  Fig.  G2,  both  repeated  from  p.  Hi.  In  these  the  successive 
faces  may  be    indicated    by  accents,   us  in  Fig.   63,  passing  around  in  tbf 

1  the   form  (100)  Is,   however,  culled  a  prism  nod  (101)  a 
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direction  of  the  axes  a,  b,  a',  that  is,  counter-clock' 
tion  of  these  projections  see  the  62. 

Appendix  A. 

39.  Spherical  Froiectioni. — 
The  study  of  actual  crystals, 
particularly  as  regards  the 
angular  and  zonal  relations  of 
their  faces,  is  much  facilitated 
by  the  use  of  the  spherical  pro- 


On  the  construe- 
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point  called  its  ^ole,  where  a 
normal  drawn  to  it  from  the  center  and  produced  meets  the  surface  of  the 
sphere.  The  eymbola  after  Miller  are  immediately  connected  with  this  pro- 
jection, and  by  means  of  it  all  ordinary  calculations  can  be  performed  in  a 
very  simple  manner.  Fig.  65  shows  a  spherical  projection  of  the  orthorhom- 
bic  crystal,  Fig.  62. 

If  tbe  ceoter  of  n  crystiil,  that  is,  the  polol  of  Interseclion  of  tbe  cryaUUo^rapblc  axes, 
be  taken  tts  tbe  c    '        .--.-->  ■-  ■--    j » —    .  ..  .    _  ,__ 


r  of  a  spLer 


:,  anil  uormnle  be  drawo  from  it  lo  lue  successive 
faces  of  the  cryBtal,  the  poinis,  where  tbuy 
meet  tbe  surfiice  of  the  sphere,  will  be,  iis 
before  defined,  tbe  pottt  of  tbe  reepeciive 
fnces.  For  exnmple,  iu  Fig.  d4,  tlie  com- 
mou  center  of  the  crystal  and  spbere  Is  ntO. 
tbe  normal  to  Ihe  face  h  niectii  tbe  surface 
of  tbe  sphere  at  B,  of  b'  at  B'.  of  d  and  » 
al  D  and  E  respectively,  aud  so  on.  These 
poU'B  evldeotlj  determine  tbe  poslllou  of 
Ihe  face  Id  each  case. 

It  Is  obvious  that  tlie  pole  of  Ibe  face  (' 
(010)  opposite  b  (010)  will  be  at  Ibe  oppoalle 
I  extri.mity  of  tbe  diauii-ter  of  tbi' sphere,  aud 
BO  in  Keneral  for  (120)  and  (1^),  etc.  It 
Is  seen  also  Ibat  all  tbe  poles,  or  Dormal 
potuts.  of  faces  In  tbe  some  tont,  that  is, 
faces  whose  iotersection-llnes  are  parallel, 
are  in  the  same  great  circle,  for  instance 
£(010).  i)  (110),  J  (100),  £(110),  and  so  on. 
It  Is  customary  In  ilie  use  of  tbe  sphere 
to  regard  it  as  projected  upon  a  horizontal 
plane,  usually  that  norinnl  to  the  prismatic 
Kone,  so  that,  as  In  Fig.  S5.  the  poles  of  the 
prismatic  fnces  He  in  the  circumference  of 
the  circle,  and  those  of  the  other  faces  wlib. 
in  it.  Tlie  eye  being  supposed  to  be  situated 
at  the  opposite  extremity  of  ibe  cUnmeter  of  tbe  sphere  normal  to  this  plane,  the  great  circles 
then  appear  either  as  arc*  of  circles,  or  as  straight  lines,  ie.,  dhunelere. 

It  will  be  furiber  obvious  from  Fig.  64  that  tbe  arc  BD,  between  Ibe  poles  of  6  and  d, 
measures  an  angle  at  the  center  (BOD),  which  is  the  tappUmenl  of  the  actual  Interior  angle 
bnd  betweea  thu  two  Faces ;  aud  this  Is  true  in  general. 

40.  CrattniMlon  of  ths  Bphsrloal  Projeo tion.— Since  In  the  method  ordinarily  followed  the 
poles  of  the  prismatic  faces  He  in  tlie  circurafereuce  of  the  circle,  their  position  is  fiieil  at 
once  by  the  angles  laid  off,  e.g.  from  100,  with  a  protractor.  Further,  the  distances  of  the 
poles  or  all  faces  measured  from  the  center  of  tbe  circle  (which,  when  the  vertical  axis  is 
M  right  angles  to  those  in  the  lateral  plane,  is  the  pale  of  the  biise  001)  are  proiKiri  ional  to 
(b  tangent*  of  half  Uib  nngUi.  For  example,  to  construct  the  spherical  projection  of  Fig. 
63.  first  draw  the  circle,  Bn<i  lay  oft  on  Ihe  circumference,  from  a  po  nt  takeu  as  100.  the 
angular  distances  characteristic  of  this  species  (<<hrysolile) : 
am,  100  A  110  =  84°  58';       at.  100  A  IM  =  42*  I 


After  Bredne 


oi,  100  A  010  =  W°. 


28  CKYSTALLOGHAPHY. 

Tb«  poaition  of  ihe  poles  of  ilic  faces  n  (100),  m  (110),  ■  (120).  b  (010)  are  thus  fixed.  Tlie 
polM  of  tlie  other  faces  of  these  forms  are  obviously  fixed,  a',  m',  >' ,  b',  m",  *",  m".  »'",  by 
tlie  8yiiirat.'try.  Again,  to  find  the 
pole  of  d  (101),  which  lies  on  the 
greiit  circle,  or  zone,  a  (100),  e  (001). 
a'  (iOO)  (for  which  i  =  0):  since  e 
(001)  A  d  (101)  ^  51°  Sir,  the  disUnce 
ed  Is  proportiODul  to  tLe  langeui  of 
i(5r  ua  I  or  lid'  401',  l''"'  >^  C.4S3  of 
the  radius  ea,  SItniluily  for  A(011V 
nnd  *  (031)  on  the  zoui-t-ircle  e  (001), 
5(010),  siuceeA  (001  a  I'1I)  =  aO' 281* 
and  ck  (001  a  031)  =  49°  83",  the  dis- 
tances are  propiirliouid  lo  the  languntft 
of  half  these  augk'H  re^'pectively.  So 
also  from  the  angles  e«  (001  a  111)  = 
64"  16'  and  cf  (Oul  a  121)  =  BB"  my 
Ihe  diatatjcea  on  the  corresponding- 
zone-circk'G,  e  (001)  ui  (110)  aud  c 
(Ulll)  >  (130).  may  Ih-  tlelermiued.  Id 
prHCtice,  however,  these  lat>t  »teps  Hr« 
nnneccBgnry  :  itince  If  the  circular  arc 
through  b  (010),  d  (101),  ff  (OiO)  ia. 
drawn.  It  eivea  I1>e  zoue-clrcle  for  all 
the  fiices  for  wliich  h  =  t;  similarly 
^  ,„  that  throuirh  a  (lOll).  A  (Oil)  u'  (100) 

"  ^  give  the  zone  circle  for  ttie  planes  for 

whii'h  k  —  i,  while  that  through  a 
(100).  it  (021).  n' (iOO)  gives  the  zone-circle  for  the  planes  having  ji:  =  a.  The  inlersection- 
ix>lnts  betvrecn  tlicse  taHt  nrcs  and  ihal  first  driiwD  fixes  ihe  |K)silionsor  e(lll)./(121). 
each  of  which  satiHfies  Ihe  two  relations.  Further,  Ihroiicli  these  same  points  must  |>as» 
llie  H)ue-circ-tc  e  (001),  in  (ItO).  for  which  A  =  ^  aud  e  (001),  « (ISO),  for  which  k  =  2/i,  thus 
{{iviug  a  check  upon  ihe  accuracy  of  the  work. 

Itls  obvious  from  the  ai>ove  explanation  that  the  posilion  of  any  face,  a 
o  of  the  three  zone  circles 
D31,  Too        010,  401,  010        001,  430,  001. 
11  Ik-  la  the  three  zone-circles 

010,  Ml.  OiO.      001,  hko,  ooi. 


Ih  fixed  bjr 


Id  general  any  face.  /ikl.  i 


100,  Okl.  100. 

Some  further  points  in  regard  lo  the  conslructiou  of  tlie  spherical  projection  wbeu  the 
axial  intersections  are  ob1l<(Ue  are  udded  lu  Appendix  A. 

41.  Angles  between  Facet. — 'Die  angles  most  conveniently  nsed  with  the 
Miller  synibols,  and  tliose  given  in  tliis  work,  are  the  nortiial  anglts,  that 
is,  tlie  angles  between  the  poles  or  normals  to  the  faces,  meaaureii  on  arcs  of 
great  circles  joining  the  polea  aa  shown  on  the  splierical  projection.  These 
normal  angles  are  the  supplements  of  the  actual  interfacial  angles,  as  has  been 
explained. 

The  relations  between  these  normal  angles,  for  exnmple  in  a  given  zone,  is  much  simjiler 
than  those  existing  tielween  Ihe  nciual  interfacial  iiogles.  Thus  it  la  alwiiys  Inii'  thai,  for  n 
aeries  of  faces  In  Ihe  name  zone,  the  normal  angle  between  two  end  faces  is  equal  to  the  snm 
of  the  angles  of  faces  falling  between.  Thus  (Figs.  02,  OS)  Ihe  normal  angle  of  ab(\Wi 
A010)isthesumof<»A(IOO  A  110).  nu  (110  a  120),  andfa(]30  aOiO).  This  relation  holds 
tnie  in  all  the  systems. 

FuMhermore,  it  will  lie  seen  that,  supposing  ac^  (Fig.  6.5)  a  plane  of  symmetrv  as  in  the 
oHhorhomhic  system.  Ihe  angle  110  a  110,  i>rnni  (FIr.  02).  is  half  Ihe  angle  100  a  iTO  (mm'-). 
Similarly  OIO  A  iaO(*«)  is  halt  the  angle  120  a  i30(jrV):  again.  100  a  HI  ('»')iRtlie  com- 

flemeut  of  half  the  angle  111  a  ill  (M')andOlO  a  111  (A«)  the  coniplemeut  of  half  the  angle 
11  A  111  (<e")  *■ 
Here,  as  throughout  this  wurk,  the  sign  a  is  used  to  represent  the  angle  between  IWO' 
fkces,  usually  designated  liy  Ivllers. 
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42.  Use  of  the  Spherical  Projection  to  Exhibit  the  Symmetry. — The  sym- 
metry of  any  one  of  the  crystalline  groups  may  be  readily  exhibited  by  the  help 
of  the  spherical  projection,  following  the  notation  introduced  by  Gadoliu 
(1871,  see  p.  22^. 

The  axes  of  binary,  trigonal,  tetragonal,  hexagonal  symmetry  are  represented 

respectively  by  the  following  signs:  ^A  ^  #.  Further,  a  plane  of  symmetry 
is  represented  by  a  full  line  (zone-circle),  while  a  dotted  line  indicates  that  the 
plane  of  symmetry  is  wanting.  The  position  of  the  cry  stall  ographic  axes  is 
fihown  by  arrows  at  the  extremities  of  the  lines.  The  pole  of  a  face  in  the 
upper  half  of  the  crystal  (above  the  plane  of  projection)  is  represented  by  a 
cross;  one  below  by  a  circle.  If  two  like  faces  fall  in  a  vertical  zone  a  double 
sign  is  used,  a  cross  within  the  circle.   Figs.  69, 1 11, 125,  etc.,  give  illustrations. 

43.  General  Belations  between  Planes  in  the  Same  Zone.—  it  may  be  demon- 
fitrated  that  if  on  a  crystal  two  faces  P  (hkl)  and  R  (pqr)  lie  in  the  same  zone, 
then  the  follo;ving  equation  must  hold  good  : 

ua  cos  XQ  +  vb  cos  YQ  +  wc  cos  ZQ  =  0,  " 

where  u  =  At  —  Iq,        y  =  Ip  —  hr,        w  =  Jiq  —  kp. 

The  letters  u,  v,  w  are  called  the  symbol  of  the  zone  or  great  circle  PR. 
Every  face  (xyz)  of  this  zone  must  satisfy  the  equation 

ux  +  yy  +  WZ  =  0. 

If  now  (uvw)  be  the  symbol  of  one  zone,  and  (efg)  of  another  intersecting 
it,  then  the  point  of  intersection  will  always  be  the  pole  of  a  possible  crystal 
face.  Its  indices  {/ikl)  must  obviously  satisfy  two  equations  similar  to  (1). 
These  indices  are  hence  equal  to 

Zt  =  gv  —  f  w,        k  =  ew  —  gu,        /  =  f  u  —  ev. 

The  application  of  this  principle  is  extremely  simple,  and  its  importance 
cannot  be  overestimated. 

Tbe  zoDe-symbols  can  be  always  obtained  by  arrangiDg  the  symbols  of  the  two  faces  in 
order,  repeatlDg  tbe  first  two  indices  and  then  multiplying  according  to  the  following 
iBcheme : 


XX 


Hence  n  =  At  -  i?  ;        v  =  ip  -  /ir ;        w  =  hq  -  kp. 

44.  Examples  of  Zones  and  Zonal  Belations.— The  following  are  cases  in  which  the  zonal 
equation  is  seen  ni  once  In  Fig  62.  p.  27.  the  faces  a  (100),  t/i  (110).  «(120).  6(010).  form 
a  vertical  zone  with  mutually  parallel  intersections,  since  they  are  alike  in  position  in  so  far 
as  this:  that  they  are  all  parnllei  to  the  vertical  axis;  that  is,  for  all  faces  in  this  zone  it 
must  be  true  that  /  =  0. 

Airain,  the  faces  a  (100).  d  (101).  e  (001)  are  in  zone,  all  being  parallel  to  a  lateral  axis  h: 
lience  for  them  nnd  all  othei-s  in  this  zone  *  =  0  Also  b  (010),  k  (021),  h  (Oil),  c  (001)  are 
in  a  zone,  all  being  pnralle;  to  the  axis  (/.  so  that  A  =  0.  _ 

Also  the  faces  r  (121).  e  (111),  (f  (101),  «"'  (111)./' '  (121)  are  in  a  zone,  since  they  have  a 
common  ratio  for  thi  axes  a  :  e      With  them,  obviously,  h  =  I. 

The  faces  e  ((HJl)   e  (111),  m  (110)  nre  nlso  in  a  zone,  nnd  again  e  (001),  /(121).  s  (120), 

though  intersections  do  not  hnpp<*n  to  be  made  between  c  and  e  in  the  one  rase,  and  c  and 

^   fin  the  other.     I^'or  each  of  thef^e  zones  it  is  true  that  there  is  a  common  mtio  of  the  lateral 

nxct.  that  is.  of  4  to  A  in  the  symbols.     For  the  first  it  may  be  shown  that  h  =  k;  for  the 

second,  that  2A  :=  k. 
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«  from  tbe  above  ecbetne.    For  example 


.xx,x 


T  =  i, 


.  2A-A  =  0,  otaft  = 


o  zoDBS,  as  stilted  above,  must  Mllify  the  zoimI 

equatioa'of  eacb  ;  tbese  ajniSols  are  beuce  euity  oblnloed  ellber  b;  combining  the  eqiUi- 
r  by  a  scbeme  of  multlpltcaiion  like  that  gfTeu  abore. 

iple,  tu  Fig-  66,  of  Bulpbur,  the  face  leliered  x  is  in  the  zi 
^ n{OII).     Tbese  » 


Tbe  synibol  of  a  face  lying  at  on 
■'         •  -   -^     -    -e  aymbols  a 
lemeoi  "    '-'-'---■' 
mule,  tu  Fig,  ...  __    _  ,       , 
«  (113),  also  Id  maa  (2)  with  p  (111)  and  t. 


(1)      0 


.x;x.x. 


(8)     1 


1 


x.xx 


=  i. 


Ilence  for  (1)  the  zonnl  equalloD  Is  8A  =  I ;  for  (3)  Jl:  =  I.    Com- 
bining tbese,  we  obtain  A  - 1,  *  =  3, 1  =  8, 
The  symbol  of  tbe  face  x  Is,  therefore,  188. 
_The  same  result  is  given  by  multiplvlDK  tbe  zooal  Indices  Oil, 
801,  together  after  the  same  method,  thus : 


i 


i 


Tbis  method  of  calculation  belongs  to  all  the  different  systc 
syatem,  iu  which  there  arc  four  liidice.'i,  one  of  tbe  three  referring 
ftlly  tbe  third)  is  omitted  when  the  zonal  relations  are  applied-     See  Art.  160. 

45.  Hethodi  of  Calonlation. — In  genersl  the  angles  between  the  poles  can  be 
calculated  by  the  methoda  of  Hpherical  trigonomotry  from  the  triangles  ehown 
in  the  sphere  of  projection  (Fie.  65)^which  for  the  most  part  are  right- 
angled.  Certain  fundamental  relations  connect  tbe  axes  with  the  elemental 
angles  of  the  projection  ;  the  most  important  of  these  are  given  under  the 
individual  systems.     Some  general  relations  only  are  explained  here, 

46.  Kelation  between  the  Indices  of  a  Plane  and  the  Angle  made  by  it  with 
the  Axes. — When  the  assumed  axes  are  at  riglit  angles  to  each  other  they  coin- 
cide with  tbe  normals  to  the  pinacoid  faces  (100, 

010,  001),  and   consequently  meet  the  spherical  «7. 

surface  at  their  poles.  When  the  aiial  angles  are 
not  90°,  this  is  no  longer  true.  In  all  cases,  how- 
ever, the  following  relation  holds  good  between  tbe 
cosines  of  the  angles  made  by  a  juane,  HEL,  with 
the  axes : 


OH"^"""-"'      OK 
This  is  equivalent  to 


=  cos  PY; 


g£  =  cosPZ. 
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This  equation  is  f andamental^  and  soveral  of  the  relations  given  beyond  are 
deduced  from  it. 

Tbe  most  useful  applicatiou  is  that  when  the  axial  angles  are  OO**;  theu  X,  T,  Z  are  the 
poles  of  100»  010,  001,  respectively.  Also  if  the  plane  UKL  is  taken  as  a  face  of  tbe  unit 
pyramid,  that  is,  if  its  intercepts  on  the  axes  are  taken  as  tbe  unit  lengths 

OH  =  a,        OK  =  6,        OL  =  c. 

Then  the  lines  HE,  HL,  EL  give  also  the  intersections  of  the  planes  110,  101,  Oil  on 
the  three  axial  planes,  and  their  poles  are  hence  at  the  points  fixed  by  normals  to  these 
lines  drawn  from  O.  It  will  be  ob?ious  from  this  figure,  then,  that  the  following  relations 
hold  true : 

tan  (100  A  HO)  =  4l 

0 

tan  (001  Al01)  =  ~; 

tan  (001  A  Oil)  =  --. 

These  values  are  often  used  later. 

47.  Cotangent  and  Tangent  Belations. — If  the  angles  between  the  poles  of 
three  faces  in  a  zone  are  known,  the  angle  between  any  one  of  them  and  the 
pole  of  a  fourth  face  can  be  calculated  by  a  formula  called  the  cotangent  for- 
mula. Conversely,  if  the  angular  position  of  this  fourth  face  is  given,  the  ratio 
of  its  indices  can  be  calculated. 

Let  P.  Q,  S,  R  be  the  poles  of  four  faces  in  a  zone,  taken  in  such  an  order  *  that  PQ 
<  PR,  and  let  the  indices  of  these  faces  be  respectively  : 

P         Q  R  8 

hkl      pqr       vwo       xy* 
Then  it  may  be  proved  that 

68  .   cot  PS -cot  PR _ (P. Q)     (S.R) 

cot  PQ  -  cot  PR  ~  (Q.R)  •  (P.8)  * 


where 


(?:9}  _  ^-^  _  ^P  -  ^^^  __  ^9  -  ^P 
(Q.R)  '~  qw—  rv^  ru^  pto"^  pv  —  qu* 

(S.R)  __  try  —  «o  _  zu  —  xv>  ^xv  —  yu 
(FS)  ■"  kz-ly  ~  Ix-hz  "  hy  -  kx 

If  one  of  these  fractions  reduces  to  an  indeterminate  form,  jr,  then  one  of 

the  others  must  be  taken  in  its  place. 

This  formula  is  chietly  used  in  the  monoclinic  and  triclinic  systems ;  and  some  special 
cases  are  referred  to  under  these  systems. 

The  cotangent  relation  becomes  much  simplified  for  a  rectangular  zone,  that  is,  a  zone 
between  a  pinacoid  and  a  face  in  the  zone  of  the  other  pinacoids  at  right  an^rles  to  it.  Thus 
if  Pa,  Pft,  Pc,  Qa,  ^6,  Qc  represent  respectively  the  angles  between  two  faces  in  the  same 
rectnngular  zone,  viz.,  P  (hkl)  and  Q  (pqr)  and  the  piuacoids  a  (100),  h  (010),  c  (010),  the 
following  relations  hold  good  : 

h    tan  Pa       k      I 


1 

p 

tan 

Qa' 

9 

"r' 

h 

k 

tan  P6 

I 

P 

9 

tan 

Q*" 

'r' 

h 

k 

I 

tan 

Fe 

P 

r 

tnu 

(ic 

*  In  the  application  of  this  principle  it  is  essential  that  the  planes  should  be  taken  in  the 
proper  order,  as  shown  above ;  to  accomplish  this  it  is  often  necessary  to  use  the  indices 

and  conesponding  angles,  not  of  (hkl),  but  the  face  opposite  (hkC),  etc. 


y 
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As  a  further  simplification  of  the  above  cquntinus  for  the  case  of  prismatic  planes  hk^ 
and  p^,  or  domes  AO^  and  pOr  or  ^kl  and  O^r,  between  iwo  piuacoid  planes,  ^e  nave 

tan  (100  A  AAK))  _  *     P. 
tau  (100  A  jp^)  ~  A  '   q' 

tan  (001  A  AOQ  _  A     r^ 
tau  (001  A  pyr)  ""  /   *  p  ' 

tan  (001  f\^kC)       k     r 
tan  (001  A  0^)  ~  ^  *  «  ' 

These  equations  are  the  ones  ordinarily  employed  to  determine  the  symbol  of  any  pris- 
matic plane  or  dome. 

The  most  common  and  important  application  of  this  tangent  principle  is  where  the 
positions  of  the  unit  faces  110,  101,  Oil  are  known,  then  the  relation  becomes 

tan  (100  A  ^kff)  _  *  tan  (010  a  AifcO)  _  A 

tan  (100  A  HO)  ""  A*     ®^     tan  (010  a  HO)  ~  *' 

tan  (001  A  /<00  _  A  tan  (001  a  OA^)  _  * 

^'^'  urn  (001  A  101)  ""  r  tan  (001  A  OH)  ~  r 

Thus  the  tangents  of  angles  between  the  base,  001,  and  102.  208,  802,  201,  etc.,  are 

respectively  1,  I,  {,  2  times  the  tangent  of  the  angle  between  001  and  101.     Again,  the 

I        k       \ 
tangent  of  the  angle  100  A  120  is  twice  the  tangent  of  100  A  110  [here  r  =  2]^  and 

half  the  tangent  of  010  a  HO 

4S.  Formnlat  for  Spherical  Triangles.— For  convenience,  some  of  the  more  important 
formulas  for  the  solution  of  spherical  triangles  are  here  added. 

In  right-angled  spherical  triangles  (7  =  90''. 

,      .       sin  a  .     »     sin  6  ' 

sin  A  •=■ 

cos  A  = 
tan  -4  = 
sin  il  = 


one* 


sin  A' 

sm  A 

tan  b 
tan  A* 

„     tana 
tan  A 

tan  a 
sin  6' 

T,     tan  ft 
tan  5=-; — , 
sin  a 

cos  B 

cos  6' 

,       n        COS  A 

sin  B=z 

COS  a 

cos  A  = 

=  cos  a  cos  6, 

cos  A  = 

=  cot 

A  cot  B. 

In  oblique-angled  spherical  triangles  familiar  relations  are  as  follows: 

(1)  Bin  ^  :  sin  ^  =  sin  a  :  sin  b'\ 

(2)  cos  a  =  cos  b  cos  e  -\-  sin  b  sin  e  cos  A  ; 

(3)  cot  ft  8in  c  =  cos  e  cos  -4  -|-  sin  i4  cot  B ; 

(4)  cos  ^  =  —  cos  B  cos  C-h  sin  B  sin  C  cos  a. 

In  calculation  it  is  often  more  convenient  to  use.  instead  of  the  latter  formulas,  those 
especially  arranged  for  logarithms,  which  will  be  found  in  any  of  the  many  books  devoted 
to  mathematical  formulas. 
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typea  of  solida  enumerated  in  the  following 
i  of  all  their  combinations,  it  ie  true  f  that 


L  ISOMETRIC  SYSTEM. 

49.  The  Isohbtbic  Sybteh  embraces  all  the  forms  which  are  referred  to 
three  equal  axes  at  right  angles  to  each  other.  Each  of  these  axes  is  designated 
bj  the  letter  a. 

There  are  five  groups  here  included,  of  which  the  normal  group,*  possessing 
the  highest  degree  of  ajmmetry  for  the  system  and,  indeed,  for  all  cirstals,  ia 
bj  far  the  most  important.  Two  of  the  other  groups,  the  pjritohedral  and 
tetrahedral  groups,  also  have  numerous  representatives  among  minerals. 

1.  NORMAL  GROUP  (1).  GALENA  TYPE. 

60.  Symmetry. — Of  each  of  the  types  of  solids 
table,  as  belonging  to  this  group. 

there  are  three  line  principal  planes  of  symmetry,  whose  iutersectionB  fix  the 
position  of  the  crystal! ographic  axes  (see  Fig.  12,  p.  9).  There  are  also  six 
other  auxiliary  planes  of  symmetry  ;  these  are  situated  diagoually  to  the  others, 
each  two  equally  inclined  (45°)  to  the  adjacent  planes  of  chief  symmetry,- that 
is,  to  the  axial  planes. 

Further,  the  crystals  of  this  group  have  three  principal  axes  of  tetragonal 
symmetry,  the  cubic  or  cryatallographic  axes  ;  four  axes  of  trigonal  symmetry, 
the  octahedral  axes  ;  six  axes  of  binary  svmmetry,  the  dodecanedral  axes  (see 
Art.  16,  also  the  following  paragraph).  These  axes  are  shown  in  Figs.  17,  18, 
19,  p.  10. 

The  accompanying  spherical  projection  (Fig.  69),  constructed  in  accordance 
with  the  principles  explained  in  Art.  42,  shows  the  69. 

distribution  of  the  faces  of  the  general  form,  likl, 
and  hence  ropreseuts  clearly  the  symmetry  of  the 

froup.     Compare  also  the  projection  given  later, 
'ig.  110,  p.  41. 
SI.  Forms. — The  various  possible  forms  belong- 
ing to  this  group,  and  possessing  the  symmetry 
defined,  may  be  grouped  under  seven  types  of  solids. « 
These  are  enumerated  in  the  following  table,  com- 
mencing with  the  most  simple.     The  symbols  are 
given  in  accordance  with  both  the  systems  of  Miller 
and  Naumann ;  also  the  full  expression  showing  the 
general  position  of  the  planes  with  relation  to  the 
axes.     Ihe  last,  however,  are  reduced  to  the  form, 
corresponding  to  (3)  in  Art.  34,  which  shows  how  the  Naumann  symbols  are 
derived. 

■  Ii  U  called  normal,  as  before  staled,  since  U  la  ibe  most  commoo  and  hence  by  far  Uie 
most  importsnt  group  iioiler  tbe  sjHlem  ;  also,  mnie  fundsmeii tally,  becaiue  Ihe  forms  here 
locludpa  possets  tUe  LIghest  greine  or  symmetry  pos«ib1e  In  the  syatem.  Tbere  are  five 
forms  in  Ihis  system,  each  geometrically  a  cube,  but  only  that  of  this  normal  jfroup  actually 
has  th«  full  symmetry  as  regards  molecular  structure  which  its  geometrical  shape  suggests. 
If  a  ciysUl  ia  said  to  belong  to  the  isometric  system,  without  further  qualification,  it  is  to 
be  undenuiod  tbat  It  is  Included  hero.    Similar  remarks  apply  to  the  normal  group*  of  the 


Mbet  STSI 

f  The  svmi       ,  _ 
explained  b  Art.  IS. 


imetiy  of  the  Donnal  groups  of  the  different  systems  has  Ijeen  already  brkdy 
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Miller.  N&umaoo. 

I.  Cube (100)  a:coa:<aa  taOx.  or  i-i 

S.  Octahedron (Ill)  ataia  0  or  I 

3.  Dodecahedron (110)  a:a:<aa  co  0  or  t 

4.  Tetrahexshedron (Ai-0)  n-.tiaiaoa  aoOn  or  i-n 

as,  (310)  »"-3;  (210)  i-2;  (320)  i-J,  eto. 

5.  Trisoctahedron (lihl)        a:a:  ma  mO  or  m 

iia,  (331)  3;  (2ai)  2;  (332)  j,  etc. 

6.  Trapezohedron {hll)         a  :  ma  :  ma  m  Ottt  or  m-m 

as,  (311)  3-3;  (211)  2-2;  (322)  J-J.  etc. 

7.  Hezoctahedron (hkl)        aina-.mn  m  On  or  m-n 

aa.  (431)  4-2;  (321)  3-j,  etc. 
In  ttae  general  espresslon  of  Miller's  ayinbols.  A  >  i  >  I.   Id  tbote  of  Naum&Dn,  m  >  1 . 
Attenlion  ts  called  to  Itae  letiera  UDlfortnly  used  In  tills  work  and  In  Dbd&'b  SfBtem  of 
Hloeralog;  (m92}  to  designaie  certain  of  ihe  isoinetrir  foruiB.*    They  are ; 

Cube:  a. 

OctaliedroD :  o. 

Dodec&liedron  :  d. 

Tetrahexabedrons :  «  =  310.  ^2  :   /=  810,  i-Z;    g  =  830.  i-%;    A  =  410,  v4. 

TrisocuibedroDS:  p  =  22l,  2;    9  =  881.  3;    r  =  882,  (;     |0  =  441,  4. 

Trapezobedroua:  i»  =  )tll.&^;    n  =  211,a-2i    /:f  =  8a3,H- 

HexuctabedrouB :     i  =  821,  3-|  i     t  =  421,  4-3. 

52.  Cube. — The  cube,  whose  general  symbol  is  (100),  is  shown  in  Fig.  70. 
tt  is  bounded  by  six  similar  faces,  each  parallel  to  two  of  the  axes.  Each  face 
is  a  sqiitire,  and  the  interfacial  angles  are  all  90°.  The  faces  of  the  cube  are 
parallel  to  the  principal  or  axial  planes  of  symmetry.  The  lines  joining  the 
opposite  solid  angles  of  the  cnbe  are  called  the  octahedral  or  trigonal  inter- 
axes  ;  those  joiiung  the  middle  points  of  opposite  edges  are  the  dodecahedi-al 
interaxes  {see  Figs.  17,  18,  p.  10). 

53.  Octahedron. — The  octahedron,  shown  in  Fig.  71,  has  the  general  symbol 
(HI).     It  is  bounded  by  eight  similar  faces,  each  meeting  the  three  axes  at 

10. 


001      ^1 

lOO 

010 

equal  distances.     Each  face  is  an  eqnilateral  triangle  with  plane  angles  of  60°. 
The  normal  interfacial  ancle,  fill  A  HI),  is  70°  31'  44". 

84.  Dodecahedron. — The  rhombic  doderabedron,  sbowii  in  Fig.  72,  has  (he 
general  symbol  (110).    It  is  bounded  by  twelve  faces,  each  of  which  meets  two 

*  The  usage  followed  bere  <aa  also  Id  tbe  other  ajitems)  b  Id  most  cases  tlial  of  Miller 
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of  the  axes  at  equal  distances  and  is  parallel  to  the  third  axis.  Each  face  is  a 
rhomb  with  plane  angles  of  70^°  and  109^".  The  real  or  interior  interfacial  angle 
is  120%  or  the  angle  between  two  adjacent  poles,  that  is,  the  normal  interfacial 
angle,  is  60°.  The  faces  of  the  dodecahedron  are  parallel  to  the  six  auxiliary, 
or  diagonal,  planes  of  symmetry. 

It  will  be  remembered  that,  while  the  forms  described  are  designated  re- 
spectively by  the  symbols  (100),  (111),  and  (110),  each  face  of  any  one  of  the 
forms  has  its  own  symbol.    Thus  for  the  cube  the  six  faces  have  the  symbols 

100,    010,     001,     100,    OlO,    OOl. 
For  the  octahedron  the  symbols  of  the  eight  faces  are  : 

Above  111,    ill,    ill.     111; 
Below  lli,    ili,    lli,    lil. 

For  the  dodecahedron,  the  symbols  of  the  twelve  faces  are  : 

110,  iio,  iio,  lio, 
101,  101,  101,  loi, 
oil,   oil,   oil,  oii. 

These  should  be  carefully  studied  with  reference  to  the  figures  (and  to 
models),  and  also  to  the  spherical  projection  (Fig.  110).  The  student  should 
become  thoroughly  familiar  with  these  individual  symbols  and  the  relations  to 
the  axes  which  they  express,  so  that  he  can  give  at  once  the  symbol  of  any  face 
required. 

55.  Combinations  of  the  Cube,  Octahedron,  and  Dodeoahedron.~Figs.  73, 74, 
75  represent  combinations  of  the  cube  and  octahedron  ;  Figs.  76,  79,  of  the 
cube  and  dodecahedron  ;  Figs.  77,  78,  of  the  octahedron  and  dodecahedron  ; 
finally.  Figs.  80, 81  show  combinations  of  the  three  forms.    The  predominating 


73. 


74. 


76. 


a  a 


form,  as  the  cube  in  Fig.  73,  the  octahedron  in  Fig  75,  etc.,  is  usudly  said  to 
be  modified  by  the  faces  of  the  other  forms.  In  Fig.  74  the  cube  and  octa- 
hedron are  said  to  be  'Mn  equilibrium,''  since  the  faces  of  the  octahedron  meet 
at  the  middle  points  of  the  edges  of  the  cube. 

It  should  be  carefully  noticed,  further,  that  the  octahedral  faces  replace 
the  solid  angles  of  the  cube,  as  regular  triangles  equally  inclined  to  the  adjacent 
cubic  faces,  as  shown  in  Fig.  73.  Again,  the  square  cubic  faces  replace  the  six 
solid  angles  of  the  octahedron,  being  equally  inclined  to  the  adjacent  octahe- 
dral faces  (Fig.  75).     The  faces  of  the  dodecahedron  truncate  *  the  twelve 


*  The  woTds  truncate,  truncation,  are  used  ouly  when  the  modify  log  face  makes  equal 
angles  with  the  adjacent  similar  faces. 


:W 
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•iHitUr  «\)i!M  of  the  cube,  as  shown  in  Fig.  79. 

'  ■    •         "Fig.  77).     Further,  iu  _  _„  . 

\  tt»li'Hht)i)rftl  lolid  angles  of  the  dodecahedron,  while  the  octahedral  faces 


i-atiM  i>(  llw  ouUhedron  (Fig.  77), 
I  lit>  au  tttli'tthedral  lolid  angles  of 
yvyihvv  tU  tfight  trihedral  solid  angles  (Fig.  7tf). 


They  also  truncate  the  twelve 
in  Fig.  76  the  cubic  faces  replace 


The  normal  interfacial  angles  tor  adjacent  faces  are  as  follows  : 
Cube  on  octahedron,  no,  100  A  111  =  54°  44'  8". 

Cube  on  dodecahedron,  ad,  100  A  110  =  45°    0'  0". 

Octahedron  on  dodecahedron,  od,  111  a  110  =  35°  15'  52". 

AS.  A.S  explained  [□  Art.  IS,  actual  cryslnla  &lwa;H  devUte  more  or  tesa  widely 
from  tlie  ideal  eolida  figured,  (□  coafeqiience  of  tlie  UQequnl  develnpinent  of  like  focea. 
Sucb  crjBlnlB.  therefore,  do  uot  BBtisfy  ibe  geometrical  deSnlllon  of  light  symmetry  rela- 
tively to  the  three  priucipal  and  the  sli  auxiliary  planes  mentioned  on  p.  3S.  but  they  do 
conform  to  the  conilltions  of  crystal logrnpblc  symmclry,  requiring  like  angular  position  for 
simtlnr  faces.  Again.  It  will  be  noted  that  in  a  combination  form  many  ofthe  faces  do  not 
actusllT  meet  the  uxes  within  the  crystal,  ns.  foi-  enaiople,  the  oclahedml  face  o  In  Fig,  78. 
It  i»  sliH  true,  however,  that  this  face  would  meet  the  axes  at  equal  distances  if  produced: 
and  since  the  axial  ratio  la  the  essential  point  in  the  case  of  each  form,  and  the  aetuat 
iingtht  of  the  axes  are  of  no  Importance,  it  is  not  necessary  thai  the  faces  of  the  different 
fonnsi  n  a  crystal  should  be  referred  to  the  same  actual  nxlal  lengths.  The  above  remarka 
will  be  seen  to  apply  also  to  all  the  other  forms  and  combt nations  of  forma  described  In  the 
pages  following. 

57.  Tetrahexahedron. — The  tetrahexahedron  (Figs.  82,  63,  84)  is  bounded 
by  twenty-four  faces,  each  of  which  is  an  isosceles  triangle.  Four  of  these 
faces  together  occupy  the  position  of  one  face  of  the  cube  (bexahedron)  whence 
the  name  commonly  applied  to  this  form.  The  general  aymbol  is  (AiO), 
hence  each  face  is  parallel  to  one  of  the  axes  while  it  meets  the  other  two  axes 
at  unequal  distances.  There  are  two  kinds  of  edges,  lettered  A  and  C  in  Pig. 
t*2  ;  the  interfacial  angle  of  either  edge  is  sufficient  to  determine  the  symbol 
of  a  given  form  (see  folow>.  The  angles  of  some  of  the  common  forms  are 
given  on  a  later  page  (p.  42). 
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There  may  be  an  indefinite  nomber  of  tetrahezahedrons,  as  the  ratio  of  the 
intercepts  of  the  two  axes,  and  hence  of  A  to  J:  varies ;  for  example,  (410), 
(310),  (210),  (320),  etc.  The  form  (aiO)  is  shown  in  Fig.  82  ;  (410)  in  Fig.  83, 
and  (530)  in  Fig.  84.  All  the  tetrahexanedrons  fall  in  a  zone  with  a  cubic  face 
and  a  dodecahedral  face.     As  h  increases  relatively  to  k  the  form  approaches 


the  cube  (in  which  ft  :  it  =  oo  :  1  or  1 : 0),  while  as  it  diminishes  and  becomes 
more  and  more  nearly  equal  to  k  in  value  it  approaches  toward  the  dodeca- 
hedroQ  ;  for  which  h  =  k.  Compare  Fig.  83  and  Fig.  84;  also  Fig.  110.  Tta« 
special  sjmboU  belonging  to  each  face  of  the  tetrahexahedron  should  be  caro> 
fully  noted. 


The  faces  of  the  tetrahexahedron  bevel  *  the  twelve  similar  edges  of  the 
cnbe,  as  in  Fig.  85;  they  replace  the  solid  angles  of  the  octahedron  by  four 
faces  inclined  on  the  edges  (Fig.  86),  and  also  the  tetrahedral  solid  angles  of 
the  dodecahedron  by  four  faces  inclined  on  the  faces  (Fig.  87). 

58.  Trisootahedion.— Tlie  trisoctahedron  (Fig.  88).  or,  more  definitely,  the 
trigonal  trisoctahedron,  is  bounded  by  twenty-four  similar  faces;  each  of  tliese 
is  an  isosceles  triangle,  and  three  together  occupy  the  position  of  an  octahedral 
face,  whence  the  common  name.  Further,  to  distinguish  it  from  the  trapezo- 
fae<lroD  or  tetragonal  trisoctahedron,  it  ia  sometimes  called  the  trigonal  trisocta- 
hedron. There  are  two  kinds  of  edges,  lettered  A  and  B  in  Fig.  88,  and  the 
interfactal  angle  corresponding  to  either  is  sufficient  for  the  determination  of 
the  special  symbol. 
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The  general  symbol  is  (?thl)  ;  common  forms  are  (221),  (331),  etc.     Ench 

88.  89.  93. 


Galena. 


91. 


face  of  the  trisoctahedron  meets  two  of  the  axes  at  a  distance  less  than  unity 

and  the  third  at  the  unit  leugtii,  or  (which  is  an  identical 

expression  *)  it  meets  two  of  the  axes  at  tlie  unit  length 

and  the  third  at  a  distance  greater  than  unity.     The 

symbols  belonging  to  each  face  should  be  carefully  noted. 

The  normal   mterfacial   angles  for  some   of   the   more 

common  forms  are  given  on  a  later  page. 

59.  Trapezohedron. — The  trapezohedron  f  (Figs.  92, 
93)  is  bounded  by  twenty-four  similar  faces,  each  of  them  a 
quadrilateral  or  trapezium.  It  also  bears  in  appearance  a 
certain  relation  to  the  octahedron,  whence  the  name,  some- 
times employed,  of  tetragonal  trisoctahedron.  There  are 
two  kinds  of  edges,  lettered  Ji  and  C,  in  Fig.  92.  The 
general  symbol  is  hll;  common  forms  are  (311),  (211),  (322),  etc.  Of  the  faces, 
each  cuts  an  axis  at  a  distance  less  than  unity,  and  the  other  two  at  the  unit 
length,  or  (again,  an  identical  expression)  one  of  them  intersects  an  axis  at  the 


Gtilena. 


92. 


93. 


94 


Analcite. 

unit  length  and  the  other  two  at  distances  greater  than  unity.     The  symbole 
belonging  to  each  face  should  be  carefully  noted.     The  normal  interfacial 

*  Since  ia:ib:{c  =  la.lb:  2e.  The  student  should  read  again  carefully  the  explana- 
tions in  Art.  84. 

t  It  will  be  seen  later  that  the  name  trapezohedron  is  also  given  to  other  solids  whose 
faces  are  trapeziums,  conspicuously  to  the  teirngoual  ti apczohedrou  and  the  trigonal 
trapezohedron. 
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angles  for  some  of  the  common  forms  are  giren  on  a  later  page.    Another  name 
for  this  form  is  icositetrahedron. 

60.  The  combinations  of  these  forms  with  the  cube,  octahedron,  etc.,  should 
be  carefully  studied.  It  will  be  seen  (Fig.  89)  that  the  faces  of  the  trisocta- 
hedron  replace  the  solid  angles  of  the  cube  as  three  faces  equally  inclined  on 
the  edges.  The  faces  of  the  trapezohedron  appear  as  three  equal  triangles 
equdly  inclined  to  the  o\xh\Q  faces  (Fig.  94). 


96. 


96. 


97. 


Analdte. 
98. 


(Garnet. 
100. 


spinel. 


Magnetite. 


Amalgam. 


Again,  the  faces  of  the  trisoctahedron  bevel  the  edges  of  the  octahedron 
(Fig.  90,  also  Fig  91,  with  jt?  (2:il)  and  u  (554)),  while  those  of  the  trapezo- 
hedron are  triangles  inclined  to  the  faces  at  the  extremities  of  the  cubic  axes 
(Fig.  98).  Still  again,  the  faces  of  the  trapezohedron  (211)  truncate  the  edges 
of  the  dodecahedron  (110),  as  shown  in  Fig.  97;  this  can  be  proved  to  follow 
at  once  from  the  zonal  relations  (Arts.  43,  44),  cf.  also  Fig.  110.  The  position 
of  the  faces  of  the  form  (311),  in  combination  with  o,  is  shown  in  Fig.  98;  with 
//  in  Fig.  99.  Fig.  100  shows  both  the  trisoctahedron  p  (221)  and  the  trapezo- 
hedron n  (211)  with  rt,  0,  and  d. 

It  should  be  added  that  the  trapezohedron  n  (211)  is  a  common  form  both 
alone  and  in  combination;  m  (311)  is  common  in  combination.  The  trisocta- 
hedron alone  is  rarely  met  with,  though  in  combination  (Figs.  90,  91,  100)  it 
is  not  uncommon. 

61.  HexoctahedroD. — The  hexoctahedron,  Figs.  101, 102,  is  the  general  form 
in  this  system  ;  it  is  bounded  by  forty-eight  similar  faces,  each  of  which  is  a 
scalene  triangle,  and  each  intersects  the  three  axes  at  unequal  distances.  The 
general  symbol  is  (hkl)\  common  forms  are  (321),  shown  in  Fig.  101,  and 
(421),  in  Fig.  102.  The  symbols  of  the  individual  faces,  as  shown  in  Fig.  101 
and  more  fully  in  the  projection  (Fig.  110),  should  be  carefully  studied. 
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■■^  '^meMhedroD  hu  tliriie  kinds  of  e<]geB  lettered  A,  B,  C  (longer, 

in  Fig.  102;  the  angles  of  two  of  these  edges  are  needed  to  fix 

tajca*  the  sonai  relatione  can  be  made  use  of.    In  Fig.  t04  the 
aeiocubedron  bevel  the  dodecahednti  edges,  and  hence  for  thia 


^net.  Copper.  Gold. 

^^l-i-1;  the  form  »  has  the  epecial  symbol  (321).     The  hesocto- 
.T^Z^  alfV  *■  •  '^'y  ^"^^  form,  but  it  is  seen  in  combination  with  the  cube 
tEfHI'^A  taorite)  as  aix  small  faces  replacing  each  solid  angle.     Fig.  104  is 
|l^-^^i|fc  rtmet;  Fig.  105  shows  a  combination  observed  in  native  copper 
■^,^5),  and  Fig.  106  with  native  gold  {x  =  18- 10-1).     The  angles 
*    — .n  bexoc tailed rons  are  given  on  p.  42. 


ftirther  examples  of  isometric  forms  are  given  In  Figs,  107,  108, 
,  0  is  the  trapezohedron   (72^);   Q  ia  the  hezoctahedron 
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(€4  *  63 '  1),  this  last  being  called  a  ficma//orm,  since  it  deviates  but  sliglitlv  in 
angular  position  from  the  simple- form  ordinarily  occurring  (d,  110);  hence 
the  complex  indices.  In  Fig,  108,  v  is  the  hexoctabedron  (531).  In  Fig.  109, 
m  =  (311),;)  =  (221),  etc. 

63.  Puudo-Bymmetry  in  the  Inmetrio  S7item, — Isometric  forms,  by  deTelop- 
ment  in  Che  direction  of  one  of  the  cubic  axes,  simulate  tetragonal  forms. 
More  commonly,  and  of  greater  interest,  are  forms  simulating  those  of 
rhombohedral  symmetry  by  extension,  or  flattening,  in  the  direction  of  an 
octahedral  axis.     Both  these  cases  are  illustrated  later.     Conversely,  certain 

.  rhombohedral  forms  resemble  an  isometric  octahedron  in  angle  and  complex 
twinning. 

64.  Splierioal  Projection. — The  spherical  projection,  Fig.  110,  shows  the 


positions  of  the  poles  of  the  faces  of  the  cube  (100),  octahedron  (111),  and 
dodecahedron  (110);  also  the  tetrahexahedron  (210),  the  trisoctahedron  (221), 
the  trapezohedron  (211),  and  the  hexoctahedron  (321). 

The  sludent  shoulil  sludy  Uii»  projection  cftrefullv,  noting  the  aymiiietry  inarked  by  the 
Bone-ciTclea  100.  001,  100,  and  100,  010,  lOO  ;  also  by  110.  00],  110;  110,  001,  110  ;  010.  lOl, 
OiO;  010,  iOl.  OlO.  Noie  fiiriher  Lbat  [lie  fsces  of  a  gi»en  laxra  are  symmetrically  dislrib- 
iit«l  about  a  cubic  face,  na  001 ;  a  dndecahudrni  face.  S3  101  :  an  octahedral  face,  as  111. 

Note  further  the  symbols  that  belong  to  tlie  Individual  faces  of  eacb  form,  cnmparing 
the  projeciion  with  the  figures  which  precede. 
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Finally,  note  the  prominent  tone*  of  planes;  for  example,  the  zone  between  two  cubic 
faces  including  a  dodectihedral  face  and  the  faces  of  all  possible  tetmbexabedrons.  A^^n, 
the  zones  from  a  cubic  face  (as  001)  through  an  octahedral  face  (us  111)  pas&aiug  tbrough  the 
trisoctabedrous,  as  113,  112,  223,  and  the  trnpezoliedrons  382,  221,  331,  etc.  Also  the  zone 
from  one  dodecahedral  face,  as  110,  to  anotber,  as  101,  passing  through  321.  211,  312,  etc. 
At  the  same  time  compare  tbese  zones  with  the  same  zones  shown  on  the  figures  already 
described. 

65.  Angles  of  Common  Isometric  Forms.* 

rETR  AHEX  AHEDRON  8 . 

Edge  A  Edge  C  Angle  on  Angle  on 

Of.  Fig.  82.     210  A  201,  elc.    210  a  120,  etc.      a  (100,  it)  o  (111,  1) 


410,  t-i 

19    45 

61     55) 

14      2} 

45 

88} 

310,  i  3 

25    50) 

63    17} 

18    26 

43 

5} 

620,  i^ 

30    27 

46    23} 

21    48 

41 

22 

210,  i  2 

86    52} 

86    62} 

26    34 

89 

14 

630,  i^t 

42    40 

28      4} 

80    67} 

87 

87 

820.  »-f 

46    11} 

22    37J 

33    411 

36 

481 

430,  i-i 

60    12) 

16    151 

36    62} 

86 

4} 

640.  i-f 

52    25} 

12    40} 

88    891 

35 

461 

Trisoctahedrons. 

Edge  A 

EdgcB 

Angle  on 

Angle  on 

Cf.  Fig.  88. 

221  A  212,  etc 

5.    221  A  221,  etc. 

a  (100,  ».|] 

) 

<>(ni.  1) 

832,1 

17    20i 

60    28) 

60    14} 

10 

1* 

221.  2 

27    16 

38    56) 

48    11 

15 

47i 

552,  f 

33    83i 

31    35} 

47      71 

19 

28} 

881,8 

37    51f 

26    311 

46    801 

22 

0 

772,} 

40    59 

22    50} 

46      7J 

23 

501 

441,4 

43    201 

20      2} 

45    52 

25 

14) 

Trapezohedrons. 

EdgeB 

Edge  C 

Angle  on 

Angle  on 

Cf.  Fig.  92. 

211  A  211.  etc 

.     211  A  121.  etc. 

a  (100,  It; 

) 

o({ 

11.1) 

411.44 

27    16 

60      0 

19    28} 

35 

15} 

722.  fj 

80    43^ 

55    50} 

22      0 

32 

44 

311.  8-8 

85      5} 

50    28} 
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29 
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522,  ft 

40    45 

43    20) 
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25 

14} 

211,  2-2 

48    111 

33    331 

35    15) 

19 

28} 

822.  M 

58      2 

19    45 

43    18} 

11 

25} 

HEXOCTAnEDKONS. 

Edi 

ee  A 

Edge  B 

EdgeC 

Angle  on 

Angl 

e  on 

Cf.  Fig.  102.        821  A 

312,  etc.  32] 

I  a: 

321.  etc.  821  a 

281,  etc.      ( 

a  (100,  i-i ) 

^(111,1) 

421,  4-2 
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35 

57 
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19 
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27 
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22 

37} 

15 
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38 
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♦  A  fuller  list  is  given  in  the  Introduction  to  Dana's  System  of  Mineralogy,  pp.  xx-xxiii. 


ISOMETRIC   SYSTBH. 


2.  PYRITOHEDEAL  GROUP  (2).  PYRITE  TYPE. 

66.  Typical  Forms  aad  Symmetry. — The  typical  formB  of  the  pyritohedral 
group  are  the  pyritohedron,  or  peutagonal  dodecahedron,  Figa.  112,  113, 
and  the  diploid,  or  dyakis-dodecahedrori.  Fig.  118.  The  symmetry  of 
these  form B,  as  of  the  group  as  a  whole,  is  as  follows:   There  are  but  tliree 

planes  of  sytiimetry;  these  are  parallel  to  the 
cubic  faces  aud  coincide  with  the  planes  of  the 
cubic  axes.  The  three  crystallographic  axes  are 
axes  of  binary  symmetry  only;  there  are  also 
four  axes  of  trigonal  symmetry  coinciding  with 
the  octahedral  axes. 

The  spherical  projection  in  Fig,  111  shows 
the  distribution  of  the  faces  of  the  general 
form  {hkl)  and  tlitiB  eihibits  the  symmetry  of 
the  group.  This  should  be  carefully  compai-ed 
with  the  corresponding  projection  (Fig.  69)  for 
the  normal  group,  so  tliat  the  lower  erade  of 
symmetry  here  present  be  thoroughly  undprstood. 
In  studying  the  forms  described  and  illustrated 
...  ^he  following  pages,  this  matter  of  symmetry,  especially  in  relation  to  that 
of  the  normal  group,  should  be  continually  before  tne  mind. 

It  will  he  observed  that  the  fnces  of  both  the  pyritohedron  (Fig.  112)  and 
the  diploid  (Fig.  118)  are  arranged  in  parallel  pairs,  and  on  this  account  these 
forms  have  been  sometimes  called  parallel  he»i ihedrons.  Further,  those 
authors  who  prefer  to  describe  these  forms  as  cases  of  hemihedrism  call  this 
type  parallel-faced  hemihedrism  or  pentagonal  hemihedrism. 

67.  Pyritohedron.— The  pyritohedron  (Fig.  112)  is  so  named  because  it  is 
a  typical  form  with  the  common  species,  pyrite.  It  is  a  solid  bounded  by 
twelve  faces,  each  of  which  is  a  pentagon,  but  with  one  edge  {A,  Fig.  112) 
longer  than  the  other  four  similar  edges  (C).  It  is  often  called  a  pentagonal 
dodecahedron,  and  indeed  it  resembles  closely  the  regular  dodecahedron  of 
geometry,  in  which  the  faces  are  regular  pentagons.  This  latter  form  is, 
however,  as  already  noted  (Art.  3$),  an  impossible  form  in  crystallography. 


The  general  symbol  is  (kkO)  or  like  that  of  the  tetrahexahedron  of  the 
normal  group.  Hence  each  face  is  parallel  to  one  of  the  axes  and  meets  the 
other  two  axes  at  unequal  distances.  Common  forms  are  (410),  (310),  (310), 
(320),  etc.     Besides  the  plus  pyritohedron,  as  (210),  there  is  also  the  comple- 


CBT8TALL00RAPHT. 


-.-«.  form*  ■howii  in  Fig.  113;  the  symbol  is  here  (120).     Other 

"'"*'  iS  .«  (250).  (-=•")'  (^■'")'  ^^'=- 

''"'^  «h»iBid  minus  pyritohedronB  together  embrace  twenty-four  faces, 

.  ^me  position  as  th«  twenty-four  like  faces  of  the  tetraheiahedron 

^S'nonnal  gronp. 

gl    Pimliiiwtifliii  - 


ake  unequal  angles  with  two  adjacent  cubic  faces;  on  the  other 
eabe,  but  ™        nvritohedron  in  modified  by  the  cube,  its  faces  truncate  ths 

Ion?*"- eagwt     ^»n^,^m 


r.g. 

a  Fig. 


ii^showstne  coinbiniition  of  the  pyritohedron  and  octahedron,  and 
^'ilfi  these  two  forms  are  equally  developed.  The  resulting  combioation 
'  Inae  similarity  to  the  icoHuhedron,  or  regular  twenty-faced  solid, 
b»»  »  t  T  (see  Art.  36).  Here,  however,  of  the  twenty  faces,  the  eight 
"'  ?^  I'^Le  equilat"""*'  triangles,  the  twelve  others  belonging  to  the  pyrit- 
""•^wiaoBceles  triangles.  Fig.  117  shows  a  number  of  pyritohedrona 
otodion  """j^   /„\    namely,  h  (410),  e  (310),  g  (320),  and  the  minus  form 

*  ('*2?\|]^iaM. The  diploid  is  bounded  by  twenty-four  similar  faces,  each  ^ 

.kTrns  at  unequal  distances;  its  general  symbol  is  hence  {hkX),  and^ 
fwms  are  (321),  (421),  etc.    The  form  (321)  is  shown  in  Fig.  118; 


^Ji  of  its  faces,  as  given,  should  be  ciirefully  studied.     As  seen  in  the 
'^^^Atffaces  are  quadrilaterals  or  trapeziums;  moreover,  they  arc  grouped   ■ 
'^■**  *^jjg[,ce  the  common   name   diploid,      it   is  also   called   a  dyakis- 


teni  forms  in  Ilits  iind  siinlUr  cuscs  tiavo  somcilmcB  dlBliiict  U'lters,  mmelimes 
d|7|diu  form,  but  dIstinguUlied  by  a  subscript  acceoL,  ilri;  |310)  and  e,  (120). 
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The  complementary  minus  form  beara  to  Fig.  116  the  same  relation  as  the 
minus  to  the  piuB  p^ritohedron.  Its  faces  have  the  symbols  313,  231, 123,  in 
the  front  octant,  and  similarly  with  the  proper  nerative  signs  in  the  others. 
The  plus  and  minus  forms  together  obviously  embrace  all  the  faces  of  the 
hexoctahedron  of  the  normal  group. 


Pyrite. 


Pyrite. 


Pyrite, 

In  Fig.  119  the  pins  diploid  is  shown  in  combination  with  the  cube. 
Here  the  three  faces  replace  each  of  its  solid  angles.  This  combination  form 
resembles  that  of  Fig.  89,  but  tbe  three  faces  are  here  unecjually  inclined 
upon  two  adjacent  cubic  faces.  Other  combinations  of  the  diploid  with  the 
cube,  octahedron,  and  pyritohedron  are  given  in  Figs.  120  and  121. 

70.  Other  FormB.^If  the  pyritohedral  type  of  symmetry  be  applied  to 
planes  each  parallel  to  two  of  the  aies,  it  is  seen  that  this  symmetry  calls  for 
six  of  these,  and  the  resulting  form  is  obviously  a  cube.     This  cube  cannot  be 

124,  distinguished  geometrically  from  the  cube  of  the  normal 

group,  but  it  has  its  own  characteristic  molecular  sym- 
metry. Corresponding  to  this  it  is  common  to  find  cubei 
of  pyrite  with  fine  lines  (striations)  parallel  to  the  alternate 
edges,  as  indicated  in  Fig.  124.  These  are  due  to  the 
partial  development  of  pyritohedral  faces  (210).  On  a 
normal  cnbe  such  striations,  if  present,  must  be  parallel  to 
both  sets  of  edges  on  each  cubic  face. 
Similarly  to  the  cube,  the  remaining  forms  of  this  pyritohedral  group, 
namely,  (111),  (110),  (hhl),  {Ml),  have  the  same  geometrical  form,  respectively, 
as  the  octahedron,  dodecahedron,  the  trisoctahedrons  and  trapezohedrons  of 
the  normal  group.  In  molecular  structure,  however,  these  forms  are  distinct, 
each  having  the  symmetry  described  in  Art.  66. 

71.  Other  combinations  of  pyritohedral  forms  are  shown  in  Figs.  122,  123, 
both  of  the  species  pyrite.  Fig.  122  is  dodecahedral  in  habit,  with  the  diploid 
t  (431),  tbe  trapezohedron  «  (211),  also  a  (100),  o  (HI),  e  (210).  In  Fig.  123, 
a  single  angle  of  a  pyrite  crystal  is  represented  with  a  (100),  o  (III),  d  (110); 
the  two  pyritohedrons  e  (210)  and  e,  (120);  the  trisoctahedrou /)  (221);  the 
trapezohedrons  n  (211),  hi  (311);  the  diploids  *  (331).  W  (851). 

This  species  illustrates  well  the  complexity  that  may  be  observed  among 
the  crystals  of  a  given  mineral.  Not  only  is  there  wide  variation  in  habit,  but 
the  occurring  forms  are  also  very  numerous.  Thus  some  thirty-five  pyrito- 
hedrons (4- and—)  have  been  noted  and  a  like  nnmber  of  diploids;  also 
five  trisoctahedrons  and  eleven  trapezohedrons. 
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TV.  ABcl**-~'^'lt«  tollowiiig  t&bles  contain  the  angles  of  some  common 
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3.  TETRAHEDRAL  GROUP  (3).  TETRAHEDRITE  TYPE. 

73.  Typical  Formi  and  Symmetry. — The  typical  form  of  this  group,  and 
that  from  which  it  derives  its  name,  is  the  tetrahedron,  shown  in  Fige.  1^6, 
127.    There  are  also  three  other  distinct  forme,  shown  in  Figs.  133, 134,  135, 
The  symmetry  of  these  forms  is  that  which  is  characteristic  of  the  entire 
126.  group-    There  are  six  planes  of  symmetry,  parallel 

respectively  to  the  faces  of  il  rhomhic  dodeca- 
heilrou,  but  no  ulaues  of  symmetry  parallel  to  the 
cubic  faces,  'llie  three  cubic  axes  are  axes  of 
binary  symmetry  only,  and  the  four  octahedral 
axes  are  axes  of  trigonal  symmetry.  There  is  no 
center  of  symmetry. 
<  The  spherical  projection  {Pig,  las)  shows  the 
distribution  of  the  fnces  of  the  general  form  (hkl) 
and  thns  exhibits  the  symmetry  of  the  gronp. 
It  will  be  seen  at  once  that  the  like  faces  are 
all  grouped  in  the  ntternafe  nirlaiifii.  and  this  will 
he  seen  to  be  characteristic  of  all  the  forms 
peculiar  to  tliis  group.  The  relation  between 
the  symmetry  here  described  and  that  of  the  normal  group  mnst  be  carefnlly 
studied. 

In  distinction  from  the  nyritohedral  forms  whoso  faces  were  in  parallel 
pairs,  the  faces  of  the  tetrahedron  and  the  analogous  solids  are  inclined  to 
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each  other,  and  hence  they  are  sometimes  spoken  of  as  inclined  hemiAedrons, 
and  the  type  of  so-called  hemihedrism  here  illustrated  is  then  called  inclined 
or  tetrahedral  hemihedrism. 

74.  Tetrahedron. — The  tetrahedron,*  as  its  name  indicates,  is  a  four-faced 
solid,  bounded  by  planes  meeting  the  axes  at  equal  distances.  Its  general 
symbol  is  (111),  and  the^  four  faces  of  tlie  plus  form  (Fig.  126)  have  the 
symbols  111,  111,  111,  111.  'J'hese  are  four  of  the  faces  of  the  octahedron 
of  the  normal  group  (Fig.  71),  and  those  four  which  belong  to  the  alternate 
octants  as  required  by  the  symmetry  already  defined. 

Each  of  the  four  faces  of  the  tetrahedron  is  an  equilateral  triangle;  the 
(normal)  interfacial  angle  is  109°  29'  16".  The  tetrahedron  is  the  regular 
triangular  pyramid  of  geometry,  but  crystallographically  it  must  be  so  placed 
that  the  axes  join  the  middle  points  of  opposite  edges,  and  one  axis  is  verticaL 

126.  127.  128. 


There  are  two  possible  tetrahedrons:  the  plus  tetrahedron  (111),  designated 
by  the  letter  o,  which  has  already  been  described,  and  the  minvs  tetrahedron, 
having  the  same^geometrical  form  and  symmetry,  but  the  symbols  of  its  four 
faces  are  III,  111,  111,  111.  This  second  form  is  shown  in  Fig.  127;  it  is 
usually  designated  by  the  letter  o^.  These  two  forms  are,  as  stated  above, 
identical  in  geometrical  shape,  but  they  may  be  distinguished  in  many  cases 
by  the  tests  which  serve  to  reveal  the  molecular  structure,  particularly  the 
etching-figures.      It  is  probable  that  the  plus  and  minus   tetrahedrons  of 


129. 


130. 


131. 


sphalerite  (see  that  species)  have  a  constant  difference  in  this  particular,  which 
makes  it  possible  to  distinguish  them  on  crystals  from  different  localities  and 
of  different  habit. 

If  both  tetrahedrons  are  present  together,  the  form  in  Fig.  128  results. 
This  is  geometrically  an  octahedron  when  they  are  equally  developed,  but 

♦  This  is  one  of  the  five  reeulnr  so'ids  of  geometry,  which  include  also  the  cube,  octa- 
hedron, the  regular  pentagonal  dodecahedron,  and  the  icosahedrou;  the  last  two  are  im- 
pofidble  forms  among  crystals. 
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crystallographically  it  is  always  only  i^  combination  of  two  unlike  forms,  the 
plus  and  minus  tetrahedrons,  which  can  be  distinguished  as  already  noted. 

The  tetrahedron  in  combination  with  the  cube  replaces  the  alternate  solid 
angles  as  in  Fig.  129.     The  cube  modifying  the  tetrahedron  truncates  its 

edges  as  shown  in  Fig.  130.  The  normal  angle  between 
adjacent  cubic  and  tetrahedral  faces  is  Si"*  44:'.  In  Pig. 
131  the  dodecahedron  is  shown  modifying  the  plus  tetra- 
hedron, while  in  Fig.  13'^  the  cube  is  the  predominating 
form  with  the  plus  and  minus  tetrahedrons  and  dodeca- 
hedron. 

75.  Other  Typical  Forms. — There  are  three  other  dis-* 
tinet  types  of  solids  in  tins  group,  having  the  general 
symbols  (hJil),  (hll),  and  (hkl).  The  first  of  these  is  shown 
in  Fig.  133,  here  the  symbol  is  (221).  There  are  twelve 
faces,  each  a  quadrilateral,  belonging  to  this  form,  dis- 
tributed as  determined  by  the  tetrahedral  type  of  symmetry.  They  correspond 
to  twelve  of  the  faces  of  the  trisoctahedron,  namely,  all  those  falling  in  alter- 
nate octants.  This  type  of  solid  is  sometimes  called  a  tetragonal  tristetra- 
hedrouy  or  a  deltoid  dodecahedron.  It  does  not  occur  alone  among  crystals, 
but  its  faces  are  observed  modifying  other  forms. 


Bonicite. 


133. 


134. 


136. 


There  is  also  a  complementary  minus  form,  corresponding  to  the  plus  form, 
related  to  it  in  precisely  the  same  way  as  the  minus  to  the  plus  tetrahedron. 
Its  twelve  faces  are  those  of  the  trisoctahedron  which  belong  to  the  other  set 
of  alternate  octants. 

Another  form,  shown  in  Fig.  134,  has  the  general  symbol  (//W),  here  (211); 
it  is  bounded  by  twelve  like  triangular  faces,  distributed  after  the  type 
demanded  by  tetrahedral  symmetry,  and  corresponding  consequently  to  the 
faces  of  the  alternate  octants  of  the  form  (hll) — the  trapezohedron — of  the 
normal  group.  This  type  of  solid  is  sometimes  called  a  trigonal  tristetra- 
hedron  or  trigondodecahedon.*  It  is  observed  both  alone  and  in  combina- 
tion; it  is  much  more  common  than  the  form  {hhl).  There  is  here  again  a 
complementary  minus  form.  Fig.  136  shows  the  plus  form  n  (211)  with  the 
plus  tetrahedron,  and  Fig.  137,  the  form  w  (311)  with  a  (100),  o  (111),  and 
d  (110).     In  Fig.  138,  the  minus  form  n^  (2ll)  is  present. 

*  It  is  to  be  noted  that  the  tetracronal  tristetrahedron  has  faces  which  resemble  those  of 
the  trapezohedron  (tetragonal  trisoctahedron).  although  it  is  related  not  to  this  but  to  the 
trisoctahedron  (triconat  trisoctahedron).  On  the  other  hand,  the  faces  of  the  trigonal  tris- 
teti-ahedron  rcsemole  those  of  the  trisoctahedron,  though  in  fact  related  to  the  trapezo- 
hedron. 
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The  fourth  independent  type  of  solids  in  this  ^roup  is  shown  in  Fig.  135. 
It  has  the  general  symbol  (hkl),  here  (321),  and  is  bounded  by  twenty-four 
faces  distributed  according  to  tetrahedral  symmetry,  that  is,  embracing  all  the 
faces  of  the  alternate  octants  of  the  forty -eight-faced  hexoctahedron.  This 
form  is_sometimes  called  a  hexakistetrahedron.  The  complementary  minus 
form  {hkl)  embraces  the  remaining  faces  of  the  hexoctahedron.     The  plus 

136.  137.  138. 


Tetrahedrite.  Sphalerite.  Borucite. 

hexakistetrahedron,  v  (531),  is  shown  in  Fig.  138  with  the  cube,  octahedron, 
and  dodecahedron,  also  the  minus  trigonal  tris tetrahedron  n  (2ll). 

76.  If  the  tetrahedral  symmetry  be  applied  in  the  case  of  planes  each 
parallel  to  the  two  axes,  it  will  be  seen  that  there  must  be  six  such  faces. 
They  form  a  cube  similar  in  geometrical  appearance  to  the  cube  both  of  the 
normal  and  pyritohedral  groups,  but  differing  in  its  molecular  structure,  as 
can  be  readily  proved,  for  example,  by  pyro-electricity.  Similarly  in  the  case 
of  the  planes  having  the  symbol  (110),  there  must  be  twelve  faces  forming  a 
rhombic  dodecahedron  bearing  the  same  relation  to  the  like  geometrical  form 
of  the  normal  group.  The  same  is  true  again  of  the  planes  having  the  posi- 
tion expressed  by  the  general  symbol  (hkO)\  there  must  be  twenty-four  of 
them  and  they  together  form  a  tetrahexahedron. 

In  this  group,  therefore,  there  are  also  seven  types  of  forms,  but  only  four 
of  them  are  geometrically  distinct  from  the  corresponding  forms  of  the 
normal  group. 

77.  Angles. — The  following  tables  contain  the  angles  of  some  common 
forms: 

Tbtraoonal  Tristetkahbdronb. 


Edge  A 

EdgeB 

Angle  ou 

Angle  on 

Cf.  Fig.  188. 

221  A  212,  etc. 

221  A  212,  etc. 

a(100,  t-») 

o{\\\,l) 

882 

17**  201' 

97"  501' 

50-  141' 

10*     11' 

221 

27    16 

90      0 

48    111 

15    471 

652 

88    88i 

84    41 

47      71 

19    281 

881 

87    51f 

80    55 

46    301 

22      0 

Trigonal  Tristetrahedrons. 

EdgeB 

EdgeC 

Angle  ou 

Angle  on 

Cf.  Fig.  184. 

211  A  211,  etc. 

211  A  121,  etc. 

a  (100,  »-i) 

o{nh\) 

411 

88'  561' 

60"*     0' 

19'  281' 

^5'  15}' 

722 

44      01 

55    50} 

22      0 

32    44 

811 

50    2Sf 

50    28} 

25    141 

29    29} 

522 

58    591 

43    201 

29    29} 

25    l4 

211 

70    81} 

88    381 

85     15} 

19    28} 

822 

86    87} 

19    45 

43    18f 

11     25} 
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4.  PLAGIHEDRAL  GROUP   (4).    CUPRITE  TYPE. 

78.  Typieal  Fonu  and  Bjmnietry. — The  fonrth  gronp  nnder  the 
■yilt«ni  i>  ciilliid  the  plugiliedral  or  gyroidnl 
group  Imcsum;  tiie  faces  of  tbe  generiiJ  form 
[htli  are  nmngeA  in  spiral  order.  This  is  shown 
on  tfiu  •(iherical  projectioc,  Fig.  139,  and  also  in 
FigH.  HO,  141,  which  represent  the  single  typical 
form  of  the  group.  Ihese  two  complementary 
•oliils  together  embrace  all  the  faces  of  the 
tieKictshedron.  They  are  il  istingniehed  from 
nriR  another  by  being  called  respectively  right- 
liandod  and  loft-handed  pentagonal  icositetra* 
liodrons.  The  other  forms  of  the  gronp  are 
f(«oinotrical1y  like  those  of  the  normal  group. 

Tlio  symmetry  characteristic  of  the  group  in 
general  is  as  follows  : 

'I'horo  are  no  planes  of  symmetry  and  no  center  of  symmetry.     There  are, 
however,  three  axes  of  qnatemary  symmetry  normal  to  the  cubic  faces,  four 
1*0,  141.  axes  of  trigonal   symmetry 

normal  to  the  octahedral 
faces,  and  six  axes  of  binary' 
symmetry  normal  to  tbe 
faces  of  the  dodecahedron, 
lu  other  words,  it  has  all  the 
)  axes  of  symmetry  of  the 
normal  group  while  without 
planes  or  center  of  sym- 
metry. 

79.  It  is  to  be  noted  that 
the  two  forms  shown  in  Figs. 
140, 141  are  alike  geometrically,  but  are  not  superposable ;  in  other  words,  they 
are  related  to  one  another  as  is  a  right-  to  a  left-hand  glove.  They  are  hence 
nuid  to  be  ennnl ioiiwrplionn,  and,  ns  explained  elsewhere,  the  crystals  belonging 
honi  may  ho  expected  to  show  circular  light  polarization.  It  will  be  seen  that 
thoconijUemontiiry  plus  and  minus  forms  of  the  preceding  groups,  unlike  those 
hen',  may  be  Hupcrjiosod  by  being  rotated  90"  about  one  of  the  crystal  I  ographio 
nxi'H.  TliiK  distiTiction  between  plus  and  minus  forms,  and  between  right-  and 
l(>rt-1iandcd  enantiomorphoue  forma,  exists  also  in  the  case  of  the  groups  of 
acvi'riil  of  the  other  systems. 

This  group  in  rare  among  minerals  ;    it   is  represented  by  cuprite,  sal 
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sDimonitK:,  Bylvite,  and  halite.     It  ia  nsnally  shown  by  the  distribntioQ  of  the 
small  modifying  faces,  or  by  the  form   of  the  etchiae-  14JL 

figurea.  Fig.  142  ahows  a  crystal  of  caprite  from  Coruwall 
(Pratt)  with  the  form  i  (1310  13). 

5.  TETARTOHEDRAL  GROUP  (5).  ULLMAN- 
NITE  TYPE. 


80.  Symmetry  and  Typioal  Forms. — The  fifth  remain- 
ing possible  group  under  the  isometric  system  is  illna- 
trated  by  Fig.  144,  which  represents  the  twelve-faced 
solid  corresponding  to  the  general  symbol  {/ikl).  The  dis- 
tribntion  of  its  faces  is  shown  in  the  projection,  Fig.  143. 
This  form  is  sometimes  called  s  tetrahedral-peutagonal  dodecahedron.  It  is 
seen  to  have  one-fourth  as  manj  faces  as  the  form  (hkl)  in  the  normal  group, 
hence  there  are  four  similar  solida  which  together  embrace  all  the  faces  of  the 
faexoctahedroQ.  These  four  solida,  which  are  distinguiahed  as  right-handed 
(+  and  — )  and  left-handed  (+  and  — ),  are  enantiomorphous,  like  those  of 
Figs.  140  and  141,  and  hence  the  snlts  crystallizing  here  may  be  expected  to 
also  show  circular   polarization.     The  remaining  forms  of   the  group  are 


(besides  the  cube  and  rhombic  dodecahedron)  the  tetrahedrons,  the  pyrito- 
bedrons,  the   tetragonal   and   trigonal  tristetrahedrons ;   geometrically  they 
14S.  147.  are   like  the  solids  of  the 

aame  names  already  de- 
scribed. This  group  baa 
no  plane  of  symmetry  and 
no  center  of  symmetry. 
There  are  three  axes  of 
binary  aymmetry  normal  to 
the  cubic  faces,  and  four 
area  of  trigonal  symmetry 
normal  to  the  faces  of  the 
tetrahedron. 

Thia  group  is  illustrated  by  artificial  crystals  of  barium  nitrate,  strontium 
nitrate,  sodium  chlorate,  etc.  Further,  the  species  nltmannite,  which  shows 
sometimes  pyritohedral  (Fig.  146)  and  again  tetrahedral  forms  (Fig.  147), 
both  haying  the  same  composition,  must  be  regarded  as  belonging  here. 
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Mathematical  Relations  of  the  Isometric  System. 

81.  Most  of  the  problems  arisiDg  in  the  isotnetdc  system  can  be  solved  at  ouce  by  the 
right-aDgled  triangies  in  the  sphere  of  projection  (Fig.  110,  p.  41)  without  the  use  of  auy 
formulas. 

It  will  be  remembered  that  the  nugles  between  a  cubic  face,  as  100,  and  the  adjacent 
face  of  a  tetrahexahedron,  810,  210,  820,  etc.,  can  be  obtained  at  once,  since  the  tangent  of 

this  angle  is  equal  to  -^,  -^  -o>  or  in  general  —• 

tan  {?M  A  100)  =  ^. 

Since  all  the  forms  of  a  ^iven  symbol  under  different  species  have  the  same  aogleSy 
the  tables  of  angles  already  given  are  very  useful. 

These  and  similar  angles  may  be  calculated  immediately  from  the  sphere,  or  often  more 
simply  by  the  formulas  given  in  the  following  article. 

88.  Formnlai.— (1)  The  distance  of  the  pole  of  any  face  F(hkl)  from  the  cubic  faces  is 
given  by  the  following  equations.  Here  Pa  is  the  distance  between  (hkl)  and  (100) ;  P6  is 
the  distance  between  {hkl)  and  (010);  and  Pc  that  between  {?ikl)  and  (001). 

These  equations  admit  of  much  simplification  in  the  various  special  cases,  for  (AAK)), 
{hhl),  etc. : 

cos*  Pa  =,„  .   .,  .  .^ :        cos'  P6  =  ,^  .   ,,  .   ,,;        cos' Fe  = 


hi^k^-^l^'  ?i'i -\- k* -\- 1*'  h^-^k'  +  l*' 

(2)  The  distance  between  the  poles  of  any  two  faces  P(MO  and  (Hpqr)  is  given  by  the 
following  equation,  which  in  special  cases  may  also  be  more  or  less  simplified  : 

cos  PO  -  hp^kg-{-lr 

(8)  The  calculation  of  the  supplement  interfacial  or  normal  angles  for  the  several  forms 
may  be  accomplished  as  follows : 

I'risoetcihedr on.— The  angles  A  and  B  are,  as  before,  the  supplements  of  the  inter- 
facial angles  of  the  edges  lettered  as  in  Fig.  88. 

_  h^  +  2hl  _  27i^  -  t^ 

cosA-g^,^^,;  cos  B  _  g^5-;p^. 

/a«  —  2hl 
For  the  tetrctgonal-tristetrahedron  (Fig.  133),   cos  B  =  . 

Trapeeohedron  (Fig.  92).  B  and  C  are  the  supplement  angles  of  the  edges  as  lettered  in 
the  figure. 

«  /*»  ,,       2hl^l^ 

7i«  -  2^ 
For  the  triganal-iristetrahedron  (Fig.  134),      cos  B  =  . 

TetraTiexahedran  (Fig.  82). 

h^  ^         2hk 

cos  A  =  ,^  .    .^ ;  cos  C  = 


Ji^  —  k^  7ik 

For  the  pyiniohedron  (Fig.  112),  cos  A  =  ,  ^      ^  ;  cos  C  =  ,  ^       .  g. 

EexoetaTiedron  (Fig.  102). 

?i^-\-2kl  „      A»  +k^-P  ^         21ik  + 1* 

cos  A  =  rs-T-,i-  ,    ,-;       COS  B  =  Tir-r-r:r-r-T«;        COS  C  = 


/i^-j-A^^-f /«'  ^«-|-A:*  +  i«'      "^  "^  -  ^« -L.  A;«  4- /«• 

¥oT  the  diploid  (Fig.  118),  cos  A  =  ^^,^^,^^,:      cosC  =  ^^  ^^^;^  ^^. 

7i*  —  2kl 
For  the  JiexakUteirahedron  (Fig.  135),        cos  B  =  -.  ,    ,,  ,   „. 

/A*  -j-  A;*  4-  /* 
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II.  TETRAGONAL  SYSTEM. 

88.  The  Tetbaoonal  System  includes  all  the  forms  which  are  referred 
to  three  rectangular  axes  of  which  the  two  lateral  axes  are  equal  to  each  other 
and  the  third,  the  vertical  axis,  is  either  shorter  or  longer.  The  lateral  axes 
are  designated  by  the  letter  a;  the  vertical  axis  by  6  (see  Fig.  149).  The  length 
of  the  vertical  axis  expresses  properly  the  axial  ratio  of  a:c,a  being  uniformly 
taken  as  equal  to  unity. 

Seven  groups  are  embraced  in  this  system.  Of  these  the  normal  group  is 
common  and  important  among  minerals;  two  others  have  several  representatives, 
and  another  a  single  one  only.  It  may  be  noted  that  in  four  of  the  groups  the 
vertical  axis  is  an  axis  of  tetragonal  symmetry;  in  the  remaining  three  it  is  an 
axis  of  binary  symmetry  only. 


1.  NORMAL  GROUP  (6).     ZIRCON  TYPE. 

84.  Symmetry. — The  forms  belonging  to  the  normal  group  of  the  tetragonal 
system  (cf.  Figs.  149  to  171)  have  one  principal  plane  of  symmetry,  the  plane 
of  the  lateral  axes  a,  a;  further,  at  right  angles  148. 

to  this,  and  meeting  each  other  at  angles  of  45^ 
in  the  vertical  axis,  c,  two  pairs  of  planes  of  sym- 
metry, like  two-aud-two.  One  of  these  sets,  the 
axial  planes,  pass  through  the  crystallographic 
axes,  a,  a,  and  are  hence  parallel  to  the  faces 
lettered  a ;  the  others  are  diagonal  to  them,  or 
parallel  to  the  faces  m. 

Further,  the  vertical  axis,  i,  is  a  principal  axis 
of  tetragonal  symmetry;  there  are  also  four  axes 
of  binary  symmetry,  like  two-and-two  ;  one  set 
coincides  with  the  lateral  axes  a,  a;  the  others  are 
dia^nal  to  them. 

The  distribution  of  tlie  faces  of  the  general 
form,  hkl,  belonging  to  this  group,  is  shown  in  the  spherical  projection. 
Fig.  148. 

85.  Fonus. — The  various  possible  forms  under  the  normal  group  of  this 
system  are  as  follows : 


oQ  a  :  CO  a:c 


Miller. 

1.  Base  or  basal  pinacoid (^01) 

2.  Diametral  prism,  or  prism  )  nftA\ 

of  the  second  order  ]  ""  ^^^^ 

3.  Unit  prism,  or  prism  )  /nm 

of  the  first  order       ) ^^^^^ 

4.  Ditetragonal  prism (hkO) 

as,  (310)  t-3;  (210)  i-2;  (320)  i-},  etc. 

5.  Pyramids  of  the  diametral  )  /t^,^         ^  .  ^  ^  .  ^.^ 

ir  second  order  \""  (*^^)         ^'^^'^^^ 

as,  (203)  f-i;  e  (101)  1-/;  (201)  2-t,  etc. 


NaumanD. 
OP  or  0,  c 


a  :co  a  :co  c         coPooor  i-i,  a 


a  :a  :co  c 


a  :7ia  :  CO  c 


00  P  or  /,  m 
oo  Pn  or  i-n 

mP  00  or  w-t 


I 
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,  Pyramida  of  tbe  nuit,  { 
or  first  order,  { 


,  Ditetragon&l  p 
or  Zircon  Old  I 


Hi  Her.  NaiitnaDD. 

..{hAl)        a:a:mc  mP  or  m 

1,(223)1;  (111)1;  (221)2,  etc. 

Jl^y^*™'^*'  f (**0         atna:mc  mPn  or  m-n 

aa,  (421)  4-2;  (321)  S-J;  (122)  1-2,  etc. 
66.  BaMi  Finaooid  or  Bate. — The  bane  is  that  form  which  includes  the  two 
similar  facea  which  are  paraHel  to  the  plane  of  the  lateral  axes.  These  faces 
have  the  symbols  001  and  001  respectively  ;  it  \s  an  "  open  form,"  as  they  do 
not  inclose  a  space,  consequently  this  form  can  occur  only  in  combination  with 
Other  forms.  Cf.  Figs.  149-152,  etc.  This  form  is  ulways  lettered  c  in  this 
work. 

87.  Priimi. — Prisms,  in  systems  other  than  the  isometric,  have  been  defined 
to  b(!  forms  whose  faces  are  parallel  to  the  vertical  axis  (i)  of  the  crystal, 
while  they  meet  the  two  lateral  axes  ;  in  this  system  the  four  fucnd  form  whose 
nlones  are  parallel  both  to  the  vertical  and  u  huurul  axis  is  also  called  a  prism. 
There  are  hence  three  types  of  prisms  here  included. 

88  Diametral  Ptiaic,  -The  diametral  prism  shown*  in  combination  with 
the  base  in  Fig.  149  includes  the  four  faces  which  are  parallel  at  once  to  the 
vertical  and  to  a  lateral  axis;  it  has,  therefore,  the  general  symbol  (100).  It 
is  a  square  prism,  that  is,  the  angle  between  any  two  adjacent  faces  is  90^ 

The  diametral  prism  is  often  called  the  prism  of  tlie  second  order;  it  is 
uniformly  designated  by  the  letter  a,  and  its  faces,  taken  in  order,  have  the 
symbols  100,  010,  100,  olo. 

It  will  be  Been  that  tbe  combination  of  this  form  with  the  base  is  the 
analogne  of  the  cube  of  the  isometric  system.     It  has  four  similar  vertical 
edges  and  eight  similar  lateral  edges.     It  iias  also  eight  similar  solid  angles. 
\4».  IBO.  isi.  1S3. 


^ 

m 

i 

m 

Joo 

89.  Unit  Friim. — The  tinil  prism  inclndes  the  four  facea  which,  while 
parallel  to  the  vertical  axis,  meet  the  lateral  axes  at  eqnal  distances ;    iU 

'III  Figs.  119-1.52  Iheilimeosinijsor  tbe  form  are  mnilc  lo  coTreoiMiiid  t»  Uip  nsaiimi-d 
l#nglli  of  lliererllciil  Hxla(liFre  i=  l~8  ni  In  ocliibeiirlte)  uswi  in  Pljt,  156.  Il  must  be 
note*!.  Iii>'.vtv>.'r.  tlmt  in  llie  ca.«e  of  actuHl  crysInU  of  tbese  forniB,  while  ihe  ti'IragoDiil 
■yrr.iiii'liy  U  nsunlly  iniHcaiifl  liy  the  unlike  pliyslcitl  cbarader  of  Hie  fnce  e  n»  compared 
Willi  lilt;  fiicea  a,  m  etc  ,  in  the  v<-rliriil  iirliinntic  zone.  ni>  fntet«nce  Oiin  be  ilrawn  hs  tn  Ihe 
rciiilivi:  lenjrlb  of  tlie  vcrtlcnl  hxIs.  Tbis  la»l  chd  be  deiermined  only  wben  a  pyramid  ig 
preseni  :  il  is  lixeil  fur  tbe  apeclea  nbeu  &  particular  pyramid  is  ubusi-a  aa  fuudaraenU]  or 
unit  form,  as  ez plained  later. 
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general  sjmbol  is  consequently  (110).  Like  the  preceding  fornix  it  is  a  square 
.prism,  with  interfacial  angles  of  90^.  It  is  shown  in  combination  with  the 
base  in  Fi^.  150.  It  is  often  called  the  prism  of  the  first  order,  and  is  uniformly 
designated  by  the  letter  m.  The  symbols  of  its  faces,  taken  in  order,  ai*e  110, 
110, 110,  110. 

The  faces  of  the  unit  prism  truncate  the  edges  of  the  diametral  prism  and 
vice  versa.  When  both  are  equally  developed,  as  in  Fig.  15 1,  tlie  result  is  a 
regular  eight-sided  prism,  which,  however,  it  must  be  remembered,  is  a  com- 
bination 01  two  distinct  forms. 

It  is  evident  that  the  two  prisms  described  do  not  differ  geometrically  from 
one  another,  and  furthermore,  in  a  given  case,  the  symmetry  of  this  group 
allows  either  to  be  made  the  unit,  and  the  other  the  diametral,  prism  according 
to  the  position  assumed  for  the  lateral  axes.  If  on  crystals  of  a  given  species 
both  forms  occur  together  equally  developed  (or,  on  the  other  hand,  separately 
on  different  crystals)  and  without  other  faces  than  the  base,  there  is  no  means 
of  telling  them  apart  unless  by  minor  characteristics,  as  striations  or  other 
marking  on  the  surface,  etchings,  etc. 

90.  Ditetragonal  Prism. — The  ditetragonal  prism  is  the  form  which  is 
bounded  by  eight  similar  faces,  each  one  of  which  is  parallel  to  the  vertical 
axis  while  meeting  the  two  lateral  axes  at  uncmial  distances.  It  has  the 
general  symbol  (JikO).  It  is  shown  in  Fig.  152,  where  (hkO)  =  (210).  The 
successive  faces  have  here  the  symbols  210,  120,  l20,  2lO,  2l0,  l50,  l50,  210. 

In  Fig.  164  a  combination  is  shown  of  this  form  (y  =  310)  with  the 
diametral  prism,  the  edges  of  which  it  bevels.  In  Fig.  168  it  bevels  {h  =  210) 
the  edges  of  the  unit  prism  m.  In  Fig.  169  it  is  combined  (/  =  310)  with 
both  the  square  prisms. 

91.  Pyramids. — There  are  three  types  of  pyramids  Iq  this  group,  cor- 
responding, respectively,  to  the  three  prisms  which  have  just  been  described. 
As  already  stated,  the  name  pyramia  is  given  (in  systems  other  than  the 
isometric)  to  a  form  whose  planes  meet  all  three  of  the  axes;  in  this  system 
the  form  whose  planes  meet  the  axis  6  and  one  lateral  axis  while  parallel  to 
the  other  is  also  a  pyramid.  The  pyramids  of  this  group  are  strictly  double 
pyramids. 

92.  Diametral  Pyramid.— The  diametral  pyramid,  or  pyramid  of  the 
second  order,  is  the  form.  Fig  153,  whose  faces  are  parallel  to  one  of  the 
lateral  axes,  while  meeting  the  other  two  axes.  The  general  symbol  is  {hOl). 
These  faces  replace  the  basal  edges  of  the  diametral  prism  (Fig.  154),  and  the 
solid  angles  of  the  unit  prism  (cf.  Fig.  155).  It  is  a  square  pyramid  (also 
called  a  square  octahedron),  since  its  basal  section  is  a  square,  and  the  inter- 
facial angles  over  the  four  terminal  edges,  above  and  below,  are  equal.  The 
successive  faces  of  the  form  (101)  are  as  follows:  Above  101,  Oil,  101,  Oil; 
below  101,  Oil,  TOI,  Oil. 

If  the  ratio  of  the  intercepts  on  the  lateral  and  vertical  axes  is  the  assumed 
axial  ratio  of  the  species,  the  symbol  is  (101),  and  the  form  is  designated  by 
the  letter  e.  This  ratio  can  be  deduced  from  the  measurement  of  either  one 
of  the  interfacial  angles  (y  or  z)  over  the  terminal  or  basal  edges,  as  explained 
later.  In  the  case  of  a  given  species,  a  number  of  diametral  pyramids  may 
occur,  varying  in  the  ratio  of  the  axes  n  and  t.  Hence  there  is  possible  an 
indefinite  number  of  such  forms  whose  symbols  may  be,  for  example,  (104), 
(103),  (102),  (101),  (302),  (201),  (301),  etc.  Those  mentioned  first  come 
nearest  to  the  base  (001),  those  last  to  the  diametral  prism  (100);  the  base  is 
therefore  the  limit  of  these  pyramids  (hOl)  when  &  =  0,  and  the  diametral 
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prism  (100)  when  A  =  to  and  1  =  1;  or,  what  is  the  same  thing,  when  k  ^  I 
and  1  =  0.  Fig.  165  shows  the  three  diametral  pjTamids  u  (105),  0  (101), 
g  (201). 


93.  Unit  Pyramid. — A  unit  pyramid,  or  pyramid  of  the  first  order,  is  a 
form  whose  eight  similar  faces  intersect  the  two  lateral  axes  at  eqnal  dis- 
tances and  aleo  intersect  the  vertical  axie.  It  has  the  general  symbol  {hht). 
Like  the  diametral  pyramid,  it  is  a  sqnare  pyramid  (or  square  octahedron) 
with  equal  interfacial  angles  over  the  terminal  edges,  and  the  faces  replace 
the  lateral,  or  basal,  edges  of  the  nnit  prism.  If  the  ratio  of  the  vertical  to  the 
lateral  axis  for  a  given  unit  pyramid  is  the  assumed  axial  ratio  for  the  species, 
the  form  is  called  the /un(/ame»<a/  farm,  and  it  has  the  symbol  (111)  asjn 
Fig.  156.  Its  faces  mentioned  in  order  as  before  are:  Above  111,  111,  111, 
111;  below  111,111,111,  111. 

166.  IBT.  IBB.  169. 


(4>^ 


H^     ^ 


Zircon.  Zircon.  Apopljflllie 

Obviously  the  angles  of  the  nnit  pyramid,  and  hence  its  geometrical 
aspect,  vary  widely  with  the  length  of  the  vertical  axis.  For  Fig.  156  (octa- 
hedrite)  h  =  1-78;  for  Fig.  161  p  =  (111)  and  i  =  0'64. 

For  a  given  species  there  may  be  a  number  of  unit  pyramids,  varying  in 
position  according  to  the  ratio  of  the  vertical  to  the  lateral  axis.  ITieir 
symbols,  passing  from  the  base  (001)  to  the  unit  prism  (110),  may  thus  be 
(115),  (113),  (223),  (111),  (332),  (221),  (441),  etc.  In  the  general  symbol  of 
these  forms  {hh[),  as  h  diminishes,  the  form  approximates  more  and  more 
nearly  to  the  base  (001),  for  which  A  -=  0;  asA  increases,  the  form  passes 
toward  the  unit  prism,  for  which  7*  =  00  if  /  =  1,  that  is,  for  which  A  =  1 
if  I  =  0.  In  Fig.  158  two  pyramids  of  this  order  are  shown,  p  (111)  and 
u  (331). 


TKTEA80NAI,  8TSTEH. 


The  faces  of  the  aait  pyramids  replace  the  terminal  edges  of  the  unit  prism 
(Figs.  157,  160)  and  the  solid  angles  of  the  diametral  prism  (Fig.  159). 
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The  application  of  the  zonal  relations  proves  that  a  diametral  pyramid 
trnncating  the  pyramidal  edges  of  a  given  unit  pyramid  has  the  same  ratio  as 
it  has  for  h  to  I.  Thus  (lOt)  truncates  the  terminal  edge  of  (111);  (201)  of 
(221),  etc.  Again,  if  a  unit  pyramid  tiaucates  the  pyramidal  edges  of  a  given 
diametral  pyramid,  its  ratio  for  A  to  Hs  Aa^/that  of  the  other  ^rm;  that  is, 
(112)  truncates  the  pyramidal  edges  of  (lOl);  (111)  of  (201),  etc.  These 
relations  are  exhibited  by  Fig.  165,  and  the  basal  and  spherical  projections 
(Figs.  170,  171)  corresponding  to  it.  Here  e  (101)  and  w  (105)  truncate  the 
terminal  edges  of  j>  (111)  and  r  (115),  respectively,  while  p  (111)  tmncates  the 
edges  of  q  (301). 

94.  Ditetragonal  Pyramid,  or  Ziroonoid. — The  diletragonal  pyramid,  or 
double  eight-aided  pyramid,  is  the  form  each  of  whose  siiteen  similar  faces 
meets  the  three  axes  at  unequal  dietances.  This  is  the  most  general  case  of 
the  symbol  (hkl),  where  h,  k,  I  are  all  unei^nal  and  no  one  is  equal  to  0.  That 
there  are  sixteen  faces  in  a  single  form  is  evident.  Thus,  for  example,  for  the 
form  (312)  the  face  312  is  similar  to  123,  the  two  lateral  axes  being  equal 
(not,  however,  to  221).  Hence  there  are  two  like  faces  in  each  octant. 
Similarly  the  symbols  of  all  the  faces  in  the  successive  octants  are,  therefore, 
as  follows : 

Above    213     132     133     5l2     T32     152     l33     2l2 
Below    213    123    i*S    3l3    512    155    l33    3l5 
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,vai:uou  «i:^  tbe  specin  nrooD,  and  u  hence  often  ailed  a 
.  >^-.-«ti  i'-i  yi$-  l^-  It  u  not  ofaeerred  alooe,  thoagfa  aome- 
&  wr  i-c  =  Sili  and  ISS  {z  =  321),  ii  U  the  pradominatiiig 
^^  ;wl>  siixvuoids  occur,  namelj,  t  (313)  uid  i  (3:tl)>  C£.  also 
;r«.vu  on  p.  5. 

187.  168.  169. 


CoMilerite. 


95.  In  additiou  to  the  perspective  figures  alreadj  given,  a  baeal  projectioa 
{Vij!,     170)    is   ndded    ot    the   c^jstal    of   octaliedrite  j^q 

already  referred  to  (Fig.  165);  alao  a  spherical  pro* 
JBiaion  of  the  same  (Fig.  171)  with  the  faces  of  the 
form  (iV.i)  added.  Tliese  exhibit  well  the  general  re- 
lations of  this  normal  group  of  the  tetragonal  system. 
The  symmetry  here  is  to  be  noted,  first,  with  respect 
to  the  similar  zones  100,  (X)l,  TW  and  010,  001,  0!0; 
also,  second,  that  of  the  other  paii  of  similar  zonee, 
110,  001,  llO,  and  iTO,  001,  llO. 

171. 
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2.  HEMIMORPHIC  GROUP  (7). 

96«  Symmetry. — This  group  differs  from  the  normal  group  only  in  having 

no  plane  of  symmetry  through  the  plane  of  the 
transverse  axes;  hence  the  forms  are  heminior 

Ehic  as  defined  in  Art.  29.  It  is  not  known  to 
e  represented  among  rninerals,  and  is  sufficiently 
illustrated  by  the  spherical  projection  (Fig.  172). 
Here  the  two  basal  planes  are  distinct  forms, 
001  and  001 ;  the  prisms  do  not  differ  geometri- 
1^  cally  from  those  of  the  normal  group,  though  dis 
tinguished  by  their  molecular  structure;  further, 
the  pyramids  are  no  longer  double  pyramids,  but 
each  form  is  represented  by  one  half  of  Figs.  153, 
156,  166  (cf  Fig.  50,  p  18).  There  are  hence 
six  distinct  pyramidal  forms,  corresponding  to 
the  upper  and  lower  halves  of  the  unit  pyramid, 
the  diagonal  pyramid  and  the  ditetragonal  pyramid. 


3.  PYRAMIDAL  GROUP  (8).  SCHEELITE  TYPE. 

97.  Typical  Forms  and  Symmetry. — The  forms  here  included  have  one 
plane  of  symmetry  only,  that  of  the  transverse  axes,  and  one  axis  of  tetragonal 
symmetry  (the  vertical  axis)  normal  to  it.     The  173. 

distinct  forms  are  the  tetragonal  prism  {JikO) 
and  pyramid  {Itkl)  of  the  third  order,  shown  in 
Figs.  174,  175. 

The  distribution  of  the  faces  of  the  general 
form  {hkl)  on  the  spherical  projection,  Fig.  173, 
exhibits  the  symmetry  of  the  group.  Comparing 
this,  as  well  as  the  figures  immediately  following, 
with  those  of  the  normal  group,  it  is  seen  that 
this  group  differs  from  it  in  the  absence  of  the 
Tertical  planes  of  symmetry  and  the  horizontal 
axes  of  symmetry  Further,  half  the  faces,  be- 
longing to  each  octant,  of  the  normal  form  (hkl) 
shown  in  Fig.  166  only  are  present,  and  these  are 
the  faces  situated  in  a  vertical  zone,  from  001  to  OOl. 

98.  Prism  and  Pyramid  of  the  Third  Order.— The  typical  forms  of  the 

Sroup,  as  above  stated,  are  a  square  prism  and  a  square  pyramid,  which  are 
istinguished  respectively  from  the  square  prisms  a  (100)  and  fn  (110),  shown 
in  Figs.  149  and  150,  and  from  the  soiiare  pyramids  (hOl)  and  (hhl)  of  Figs. 
163  and  156  by  the  name  "third  order. 

There  are  two  complementary  forms  in  each  case,  designated  lefi  and  right, 
which  together  include  all  the  faces  of  the  ditetragonal  prism  (Fig.  152)  and 
ditetragonal  pyramid  (Fig.  166)  of  the  normal  group 

The  faces  of  the  two  complementary  prisms,  as  (210),  are: 

Left:     210,    l20,    2iO,    l20. 
Bight:   120,    3 10,    I20,    210. 


§0 
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The  faces  of  the  corresponding  pyramids,  as  (212),  are: 

Left:      aboTe  212,  l22,  2l2,  l22;    below  2l2,  l22,  312,  l2i 
A^A/;    aboTe  122,  2l2,  122,  2l2;    below  122,  2l2,   122,  2l5. 

Fig.  176  gives  a  transverse  section  of  the  prisms  a  (100)  and  m  (110),  also 
the  prism  of  the  third  series  (120).  Fig.  175  shows  the  right  pyramid  (122) 
correspond ing  to  the  same  prism. 


174. 


176. 


176. 
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99.  Other  Forms.— The  other  forms  of  this  group,  that  is,  the  base  c  (001) ; 
the  other  square  prisms,  a  (100)  and  m  (110);  also  the  square  pyramids  (hOl) 
and  (hhl)  are  geometrically  like  the  corresponding  forms  of  the  normal  group 
already  described. 

100.  To  this  group  belongs  the  important  species  scheelite;  also  the 
isomorphous  species  stoizite  and  powellite,  unless  it  be  that  they  are  rather  to  be 
classed  with  wulfenite  (p.  61).  Fig.  177  shows  a  typical  crystal  of  scheelite, 
and  Fig.  178  a  basal  section  of  one  similar;  these  illustrate  well  the  charac- 
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178. 


179. 


Scheelite. 


Scheelite. 


m 


m 


Meionite. 


teristicB  of  the  Rroup.  Here  the  forms  are  e  (101),  P.(lll),  and  the  third- 
Sdr  pyramids  I  (51^5),  /.  (313)  .,  (212)  ..  (131).  fig  179  represents  a 
moionite  crystal  with  r  (HI)  and  the  third-order  pyramid  z  (311)  See  also 
Fiirs.  181.  182,  in  which  the  third-order  prism  is  shown. 

The  forms  of  this  group  are  sometimes  described  (see  Art.  28)  as  showing 
pyramidal  hemihedrmn  ;  hence  the  name  here  given. 
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4.   PYKAMIDAL-HEMIMORPHIC   GROUP  (9).    WULFENITE  TYPE. 


101.  Symmetry. 
180. 


/ 


/ 


alao/(330),  i(210), 


-The  fourth   group  of  the   tetragonal  system  is  closely 
relateu  to  the  group  just  described.     It  has  the 
same  vertical  axis  of  tetragonal  symmetry,  bat 
there  is  no  tranaTerse  plane  of  symDietrT.    The 
forms  are,  therefore,  heuiimorphic  in  the  distribu- 
tion of  the  faces  (cf.   Fig.   ISO).      The  species 
wuKeuite  of  the  Scheelite  Group  among  mineral 
species  probably  belongs  here,  oftliough  the  crys 
tals  do  not  always  show  the  difference  between 
the  pyramidal    faces,   above   and    below,   which 
/      would  characterize  distinct  complementary  forma. 
/       Figs.  181,  182  could,  therefore,  serve  as  illustra- 
^         tioiis  of  the  preceding  group,  but  in  Fig,  183  a 
characteristic  distinction  is  exhibited.     In  these 
figures  the  forms  are   u  (103),  e  (101),  n  (111)^ 
!  (432),  X  (311). 


\ 


Figs.  161-183,  Wulfeotte. 
6.     SPHENOIDAL   GROUP  (10).     OHALCOPYRITE   TYPE. 

102.  Typical  Forms  and  Symmetry.— The  typical  forms  of  this  group  are 
the  sphenoid  (Fig.  1S5)  and  the  tetragonal  scalenohedron  (Fig.  186),  Tbt 
and  all  the  combinations  of  this  group  are 
characterized  by  the  presence  of  two  vertical 
planes  of  symmetry;  these  are  diagonal  to  the 
crystal  tographic  axes  and  intersect  at  angles  of 
90''"  in  tJie  vertical  aiis,  which  ia  an  axis  of  hinary 
symmetry  only.  Further,  the  two  horlzont^ 
crystallographic  axes  are  axes  of  binary  sym- 
metry, 

This  symmetry  is  exhibited  in  the  distribution 
ol  the  faces  of  the  general  form  {hkl)  in  the 
spherical  projection  (Fig.  184).  It  is  seen  here 
tnat  the  faces  are  present  in  the  alternate  octants 
only,  and  it  will  be  remembered  that  this  same 
statement  was  made  of  the  tetraliedral  group 
nnder  the  isometric  system.     There  is  hence  a  close 


-If 

nalogy  between  these 
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two  groups.    The  eymmetr;  of  this  group  should  be  carefullv  compared  with 
that  of  the  first  and  third  groups  of  this  system  already  described. 

103.  Sphenoid. — The  sphenoid,  shown  in  Fig.  185,  is  a  four-faced  solid, 
resembling  a  tetrahedron,  but  each  face  is  an  isosceles  fuot  an  equilateral) 
triangle.  The  general  symbol  of  the  dIus  unit  sphenoid  is  (111),  and  the 
faces  have  the  symbols:  III,  III,  111,  ill.  Tiie  complementary  minus 
sphenoid  has  the  symbol  (ill),  and  these  two  forms  include  all  the  faces  of 
the  unit  pyramid  (111)  of  the  normal  group  When  they  occur  together,  if 
equally  developed,  the  resulting  solid,  though  having  two  unlike  sets  of  faces, 
cannot  be  distinguished  geometrically  from  the  square  pyramid  (111). 

In  the  species  chslcopyrite,  which  belongs  to  this  graup,  the  deviation  io 
angle  and  in  axial  ratio  from  the  isometric  system  is  very  small,  and  hence 
the  unit  sphenoiil  cannot  hy  the  eye  he  distingnished  from  a  tetrahedron 
(compare  Fig.  187  with  Fig.  128,  p.  i~).  For  this  spDciee  £  =  0-9S5  (instead 
of  I,  ae  in  the  isometric  system),  and  the  normal  sphenoidal  angle  is 
108°  40',  instead  of  109°  28',  the  angle  of  the  tetrahedron.  Hence  a  crystal 
with  both  the  plus  and  minus  sphenoids  equally  developed  closely  resembles  a 
regular  octabedron. 

In  Fig  168  the  diametral  pyramids  e  (101)  and  z  (301)  are  also  present, 
also  the  base  c  (001). 

104.  Tetragonal  Scalenohedron. — The  sphenoidal  symmetry  yields  another 
distinct  type  of  form,  that  shown  in  Fig.  1S6.     It  is  bounded  foy  eight  similar 

^Bg_  lg£  scalene   triangles,  and   hence  is  called  a 

tetragonal  scalenohedron ;  the  general 
symbol  is  (?ikl}.  The  faces  of  the  com- 
plementary plus  and  minus  forme  embrace 
'  all  the  faces  of  the  ditetragonal  pyramid 
This  form  appears  in  combination  in 
chalcopyrite,  but  is  not  observed  inde- 
pendently. In  Fig.  189  the  form  a  (531) 
IB  the  plus  tetragonal  scalenohedron. 

106.  Other  Formi.— The  other  forma 
of  the  group,  namely,  the  two  aqnare 
prisms,  the  ditetragonal  prism,  and  the 
two  square  pyramids  {/ihl)  and  {hOl},  are 
geometrically  like  those  of  the  normal  group.  The  lower  symmetry  in  the 
molecular  structure  is  only  revealed  by  special  investigation,  as  by  etching. 

181.  18B.  189. 


Figs.  187-189,  CbalcopjTiie. 
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6.  TRAPEZOHBDRAL  GROUP  (11). 

106.  The  trapezohedrai  rroup  is  analogous  to  the  plagihedral  group  under 
the  isometric  system;  it  ig  characterized  by  the  absence  of  any  plane  or  center 
of  symmetry;  the  rertical  axis,  however,  is  an  axis  of  tetragonal  symmetry,  and 
perpendicular  to  this  there  are  four  axes  of  binary  symmetry.  The  distribu- 
tion of  the  ^es  of  the  general  form  {hkl)  is  shown  in  the  spherical  projection. 


190. 


191. 


192. 


4-. 
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Fig.  190,  and  Fig.  191  gives  the  resulting  solid,  a  tetragonal  trapezohedron. 
The  complementary  right-  and  left-handed  forms  embrace  all  the  faces  of  the 
ditetragonal  pyramid  of  the  normal  group.    These  two  forms  are  enantiomor* 
phous,  and  the  salts  belonging  to  this  group  show  circular  polarization. 
Phosgenite  (p.  364)  probably  belongs  to  this  group  (Goldschmidt). 

7.  TETARTOHEDRAL  GROUP  (12). 

107.  Symmetry.— The  seventh  and  last  possible  group  under  this  systen^ 
has  no  plane  nor  center  of  symmetry,  but  the 
Tcrtical  axis  is  an  axis  of  binary  symmetry. 
The  distribution  of  the  faces  of  the  general  form 
(hJcT)  is  shown  on  the  sphere  of  projection  (Fig. 
192),  and  the  solid  resulting  is  a  sphenoid  of  the 
third  order.  There  are  also  three  other  possible 
forms  complementary  to  this,  and  the  four  are 
respectively  distinguished  as  right  (-|-  and  — ) 
ana  left  (-f  and  — ).  These  four  together  em- 
brace all  the  sixteen  faces  of  the  ditetragonal 
pyramid.  The  other  characteristic  forms  of  this 
group  are  the  prism  of  the  third  order  (hkOV  the 
plus  and  minus  sphenoids  of  the  first  order  (ill), 
and  also  those  of  the  second  order  (101).  This 
group  has  no  known  representative. 

Mathematical  Relations  of  the  Tetragonal  System. 

108.  Choiea  of  Azet. — It  nppi'ars  from  the  discussion  of  the  symmetry  of  the  ^eveu  groups. 
of  Ibis  system  that  with  all  of  them  the  position  of  the  vertical  axis  is  fixed.  In  groups  1,  2, 
however,  where  there  are  two  sets  of  vertical  planes  of  symmetry,  cither  set  may  be  made 
the  axial  planes  and  the  other  the  diagonal  planes.  The  choice  between  these  two  possible 
positioos  of  the  lateral  axes  is  guided  particularly  by  the  habit  of  the  occurring  crys^aU 
and  the  relatioos  of  the  given  species  to  others  of  similar  form. 
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109.  DfUmiBAtion  of  the  AzUl  Ratio,  ote  — The  followiug  relations  senre  to  connect 
the  axial  ratio,  that  is,  the  leugtii  of  ih<:  ven«cal  axid  h,  wheu  a  =  1.  with  the  fundamental 
angles  (UOl  a  101)  and  (001  a  HI;: 

tan  (001  A  101)  =  e;  tan  (001  a  HI)  X*^V2'=  i. 

For  faces  in  the  same  rectangular  zone  the  tangent  principle  applies.  The  most  impor- 
tant cases  (cf.  Fig.  171)  are: 

tan  (001  a  hOl)  _  A. 

tan  (001  A  101)  "   I  * 

tan  (001  A  Okl)  _  k, 
tan  (001  A  Oil)  ~  I  • 

tan  (001  A  hhl)  _  h 
tan  (001  A  111)  ""  T 
For  the  prisms 

tan  (010  A  **0)  =  p         or        tan  (100  A  hkXX)  =  j. 

110.  Other  Calealations.— It  will  be  noted  that  in  the  spherical  projection  (Fig.  171)  all 
those  spherical  triangles  are  riglit-augled  whicb_are  formed  by  great  circles  (dUimeters)  which 
meet  the  prismatic  zoDe-circle  100,  010.  100,  010.  Again,  all  those  formed  by  great  circles 
drawn  betweeu  100  aud  100,  or  010  uud  010.  aud  crossing  respectively  the  zone-circles  100, 
001,  iOO,  or  010,  001,  010.  Also,  all  those  formed  by  great  cjrcles  drawn  between  110  and 
liO  and  crossing  the  zone-circle  110,  001,  110.  or  between  110  and  110  and  crossing  the 
zone-circle  110,  001,  110. 

These  spherical  triangles  may  hence  be  readily  used  to  calculate  any  angles  desired;  for 
example,  the  angles  l>etween  the  pole  of  any  face,  as  hJd  (say  321),  and  the  pinacoids  100, 
010,  001.  The  terminal  aneles  {x  and  z.  Fig.  166)  of  the  ditetragonal  pyramid.  212  A  213 
(or  813  A  313,  etc  ).  and  212  A  122  (or  313  A  183,  etc.),  can  also  be  obtained  in  the  same 
way.  The  zonal  relations  give  the  symbols  of  the  poles  on  the  zones  001,  100  and  001,  110 
for  the  given  case.  For  example,  the  zone-circle  110,  813,  183,  ilO  meets  110,  001,  110  at 
the  pole  223.  and  the  calculated  anglj  313  a  223  is  half  the  angle  313  a  138.  If  a  large 
number  of  similar  angles  are  to  be  calculated,  it  is  more  convenient  to  use  a  formula, 
as  that  given  below. 

111.  Formulas. — It  is  sometimes  convenient  to  have  the  normal  interfacial  angles 
expressed  directly  in  terms  of  the  axis  h  and  the  indices  A,  k,  and  /.     Thus  : 

(1)  The  distances  of  the  pole  of  any  face  V  {hkl)  from  the  pinacoids  a  (100)  =  Pa, 
b  (010)  =  Pft.  c  (001)  =  Pc  are  given  by  the  following  equations: 

.cos»  Pa  =   .,  .   .    ,.  .    .    „  ;    co8»  P6  =   .,  ,   .    .,  .   .    .,  :    cos»  Pc  =  * 


These  may  also  be  expressed  in  the  form 

tan*  Pa  =  — ^— ;     tan«  Vb  =       ^,^,      ;     tan«  Pc  = .     , 

(2)  For  the  distance    between    the    poles  of   any  two  faces    {hkl),  {pqr),  we  have  in 
general 

cos  PQ  =  /ipc*  -f  kge'^  -f  /r  _ 

i/[(/i«  4-  A:«)c«  +  /«J[(p«  +  yV  +  r*] ' 

The  above  equations  take  a  simpler  form  for  special  cases  often  occurring;  for  example, 
for  hkl  and  the  angle  of  the  edge  y  of  Fig.  166. 

112.  Prismatic  Angles. — The  angles  for  the  commonly  occurring  ditetragonal  prisms  are 
as  follows: 

Angle  on         Angle  on  Angle  on         Angle  on 

a  (lOO,  »-t)       m  (110.  /)  a  (100,  t-t)       m  (110.  /) 

410,  1-4  14^    2f  SO*"  57f  630.  t-f  80"  57f  14**    2}' 

810.  1.3     18  26      26  34         820.  t-|     88  41J     11  18| 

210.  1 2     26  34      18  26         430,  » |     86  52J      8   7f 
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m.    HEXAGONAL  SYSTEM. 

lis.  The  Hexagonal  System  includes  all  the  forms  which  are  referred 
to  four  axes,  three  equal  lateral  axes  in  a  common  plane  intersecting  at  angles 
of  GO",  and  a  fourtii,  vertical  axis,  at  right  angles  to  them. 

Two  sections  are  here  included,  each  embracing  a  number  of  distinct 
groups  related  among  themselves.  Thej  are  called  the  Hexagonal  Division 
and  the  Trigcmtl  (or  Rkombohedral)  Division,  The  symmetry  of  the  former, 
about  the  vertical  axis,  belongs  to  the  hexagonal  type,  that  of  the  latter  to  tho 
trigonal  type. 

Miller  (1852)  referred  all  the  forms  of  the  hexagonal  system  to  three  equal  axes  pnnillel 
to  the  fnces  of  ihe  fuii(l>inientnl  rhomboliedron,  ami  hence  iuter^cctiug  at  equal  angles,  not 
90%  This  method  (further  explanud  in  Art.  168)  has  the  disadvantage  of  fidlint;  to  bring 
out  the  rel.itionship  between  the  normal  liexa  oual  and  tetragonal  t3'pe8.  both  characterized 
by  a  principMl  azi-  of  synimetr}',  which  (on  the  system  here  adopted)  is  the  vertical 
crystal lographic  axis.  It  further  gives  different  symbols  to  faces  which  are  crystallo- 
gniphicaTly  identical.  It  is  more  natural  to  employ  the  three  rhombohedral  a^es  for 
trigonal  forms  only,  as  done  by  Qroth  (1894),  who  includes  these  groups  in  a  Trigonal 
Sjffttem;  but  this  also  has  some  disadvantages. 

114.  Oronps. — There  are  five  possible  groups  in  the  Hexagonal  Division. 
Of  these  the  normal  group  is  much  the  most  important,  and  two  others  are 
also  cf  iTiportance  among  crystallized  minerals. 

In  the  Trigonal  Division  there  are  seven  groups;  of  these  the  rhombo- 
hedral group  or  that  of  the  Calcite  Type  is  by  far  the  most  common,  and 
three  others  are  also  of  importance. 

115.  Axes  and  Symbols. — The  position  of  the  four  axes  taken  is  shown  in 
Fig.  193;  the  three  lateral  axes  are  called  a,  and  the  vertical  axis  is  A. 
Further,  when  it  is  desirable  to  distinguish 
between  the  lateral  axes  they  may  be  designated 
n,,  a,,  rr,.  The  general  position  of  any  plane  on 
the  method  of  Bravais  (who  adapted  the  system 
of  Miller  to  this  system)  may  be  expressed  in  a 
manner  analogous  to  that  applicable  in  the  other 
systems,  viz. : 

1111. 

Tho  corresponding  indices  for  a  given  plane  are 
then  7i,  k,  t,  /;  these  ahva3's  refer  to  the  axes 
named  in  the  above  scheme : 

It  is  found  convenient  to  consider  the  axis  a, 
as  negative  in  front  and  positive  behind,  hence  the  general  symbol  is  hkll. 
Further,  as  following  from  the  angular  relation  of  the  three  lateral  axes,  it 
can  bo  readily  shown  to  be  always  true  that  the  algebraic  sum  of  tho  indices 
h,  k,  i,  is  equal  to  zero: 

h  +  k  +  i  =  0. 

The  general  expression  for  any  plane  in  accordance  with  the  system  of 
Naumann  is 

na  :  pa  :  —  a  :  ma. 
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Here  it  is  always  true  that  p  = 


n 


.    The  shortened  form  for  the  above 


71-1 

expression  as  adopted  by  Naumann  is  mPfi, 

Tbc  relation  of  Miller's  iudices  to  ihos^  of  Naumaoo  is  obvious  if  for  a  given  plane 
with  the  symbol,  say,  2181  the  parameters  are  given  in  full,  namely: 


(1) 


^a,  :  la, :  -  -a,  :  U, 


This  is  equivalent  (after  multip  ying  by  3)  to 


(2) 


-a,  :  Stfs  :  —  1  at :  8^. 
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Here  m  s  8,  ^  =  *»*  <^°d  ^^^  value  of  p  is  8.    The  symbol  is  hence  written 

8i>|.  or  8|. 


A.    Hexagonal  Division. 


1.  NORMAL  GROUP  (13).     BERYL  TYPE. 

116.  Symmetry. — Crystals  belonffiug  to  the  normal  group  of  the  Hexagonal 
Division  have  one  principal  plane  oi  symmetry,  the  plane  of  the  lateral  axes  ; 
also,  normal  to  this  and  meeting  in  the  vertical  axis  at  angles  of  30®,  six  other 
planes  of  symmetry,  like  three-and -three.  Those  of  one  set  pass  through  the 
lateral  axes  a,  a,  a  (Figs.  195,  198)  and  are  194. 

hence  parallel  to  the  faces  of  the  form  (lOlO) 
lettered  w,  as  in  Fig.  208.  The  others  are 
diagonal  to  the  first  set  (Figs.  196, 198)  and  are 
parallel  to  the  faces  of  the  form  (I  l50)  lettered 
(f,  Fig.  208. 

Further,  these  crystals  have  one  principal 
axis  of  hexagonal,  or  sixfold,  symmetry,  the 
vertical  crystallographic  axis ;  also  six  hori- 
zontal axes  of  binary  symmetry;  three  of  these 
coincide  with  the  lateral  crystallographic  axes, 
the  others  are  diagonal  to  them.  The  symmetry 
of  this  group  is  exhibited  in  the  accompanying 
spherical  projection,  Fig.  194,  and  by  the 
figures  in  the  following  pages  from  195  to  209. 

The  analogy  between  this  group  and  the  normal  group  of  the  tetragonal 
system  is  obvious  at  once  and  will  be  better  appreciated  as  greater  familiarity 
is  gained  with  the  individual  forms  and  their  combinations. 

117.  Forms. — The  possible  forms  in  this  group  are  as  follows  : 


MilliT-Bravais. 


1.  Base 

2.  Unit  prism,  or  prism 

of  the  first  order 

3.  Diagonal  prism,  or  prism  )  /iiJax 

of  the  second  order         f  ^        ^ 


(0001) 

i (1010) 


00  fl  :  Qo  rt  :  coa:  c 


Nuiimnnn. 
0/'orO,c 


a  :coa:  —  a  :  coc         coPoTj,m 


2fl 


2a  :  —  a  :  ccc       co  P2  or  t-2,  a 
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Miller-Bravais.  Naumonn. 

4.  Dihexagonal  prism (hklO)  7ia  :  pa  :  —  a  kx^c       oo  Pn  or  i-n 

as,  (2l30)  fa  :  3a  :  —  a  :  00  c      oo  P  J  or  i- j 

'•  %?fi«t^fdef  ""*'  [  •  •  •  (''<^^')   ::«:««:-«--  mP  orn. 

S8,  (loll)  a  :  00  a  :  —  a  :  c    P  or  1 ;  also  202l  (a  :  oo  «  :  —  a  :  26-)       2P  or  2 

,  .  as,  (1132)  2<j5  :  2a  :- rt  :c     P2  or  1-2 

as.  (2l3l)  fa  :  3a  :  -a  :  3c      3PJ  or  3.{ 
In  the  above  h  >  k,  and  h  -\-  k  =  —  i. 

118.  Base — The  base,  or  Ja^a/  pinacoid,  includes  the  two  faces,  0001  and 
0001,  parallel  to  the  plane  of  the  lateral  axes  It  is  uniformly  designated  by 
the  letter  c;  see  Figs-  id^  ^i  seq, 

119.  Prisms,  unit  Prism. — There  are  three  types  of  prisms,  or  forms  in 
which  the  faces  are  parallel  to  the  vertical  axis. 

The  unit  prism^  or  prism  of  the  first  order,  Fig.  195,  includes  six  faces, 
each  one  of  which  is  parallel  to  the  vertical  axis  and  meets  two  adjacent  lateral 
axes  at  equal  distapfces,  while  it  is  parallel  to  the  third  lateral  axis.  It  has 
hence  the  general  symbol  (lOlO)  and  is  uniformly  designated  by  the  letter  m; 
its  six  faces,  taken  in  order  (see  Figs.  195  and  209),  are : 

1010,    0110,     IlOO,    lOlO,    0110,     lIOO. 

120.  DiagonaJ  Prism. — The  diagonal  prism,  or  prism  of  the  second  order, 
Fig  196^  hae  six  faces,  each  one  of  which  is  parallel  to  the  vertical  axis,  and 
meets  the  three  lateral  axes,  the  two  alternate  at  the  unit  distance,  the  other 
at  one- half  this  distance;  or,  which  is  the  same  thing,  it  meets  the  last-named 
iLlis  at  the  unit  distance,  the  others  at  double  this  distance.*  The  general 
symbo:  is  (USO)  and  it  is  uniformly  designated  by  the  letter  a;  the  six  faces 
(see  Figs  196  and  209)  in  OKder  are  : 

1150.     I2l0,     3llO,     1120,     I3l0,     2110. 

The  unit  prism  and  the  diagonal  prism  are  not  to  be  distinguished  geo- 
metrically, each  being  a  regular  hexagonal  prism  with  normal  interfacial  angles 
of  60°.  They  are  related  to  each  other  in  the  same  way  as  the  two  square 
prisma  m  (110)  and  a  (100)  of  the  tetragonal  system. 

The  relation  in  position  betweer/  the  unit  prism  (and  pyramids)  pn  the  one 
hand  and  the  diagonal  prism  (ajw' pyramids)  on  the  other  will  be  ui^derstood 
better  from  Fig.  19&,  i'epresentin^  a  cross-section  parallel  to  the  base  cV 

12L  liihexagonal  ^rism.— Tbp  dihe^agonnlyprism,  ¥tg,  197^  is  a  twelve-sided 
prism  bounded  b}  twelve  faces,  each  6x\^  .6f  which  is  pkrallel  to  tire  vertical 
axis,  and  also  meets  two  adjacent  |atepl  axes  at  unequal  distances  the  ratio 
of  which  always  lie^  between  1  :  I  aii^  ,1  ^2  (see  2  p.  66)  This  p/ism  has  two 
unlike  edges,  lettered  x  and  i/,  as  shoVp  in  Fig.  197.  The  general  symbol  is 
(hklO),  and  the  faces  of  a  given  form,  as  (2l30),  are  : 

,   . .     2i3o,  1,230,  j35o^  5:^10  32i0,  3i20, 
cr   f    y;':  213(1  '1530;  i320,  2510.  35ii,  3iSo. 


♦  Since  lai :  la»  r  —  ^a, :  oor!  is  equivalent  to  2ai  :2d%  t'-^  Iaj  :ao^. 
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122.  Pynunids.    Unit  Pyramidj. — CorreEponding  to  the  three  types  ot 
prisms  just  mentionei],  tliere  are  three  tvpee  of  pyramids. 

A  itnil  pyramid,  or  pyramid  ot  the  first  order.  Fig.  199,  is  n  form  bonneted 
\>j  twelve  similar  triangular  faces— six  abo?B  and  six  below — which  have  t 
same  positiun  rebitive  to  the  lateral  aiea  as 
the  faces  of  the  unit  prism,  while  tlicy  also 
iDtcrscct  the_vertic-a]  mis  The  generil  symbol 
is  lience  (liO/tl).  The  faces  of  a  given  form,  as 
(lOTl),  are: 

Above  lOll,  OlTl.  IlOl,  lOll,  OTll,  iTOl. 

Below  1011,  OIU,  lioi,  ioil,  oiil,  iloL 
On  a  given  specicfi  there  may  be  n  tinmber  ~ 
ot  nnit  pyramids,  differing  in  the  ratio  of  the 
lateral  to  the  vertical  axis,  and  llms  forming  a 
zone  between  the  base  (0001)  and  the  faces  of 
the  unit  prisni  (1010).  Their  symbols,  passjng 
from  the  base  (0001)  to  the  unit  prisni  (10101, 

wonld  be,  for  example,  I0l4,  10T2,  20153,  lOll,  3032,  205l,  etc.     In  Fig. 
the  faces  o  and  8  are  unit  pvmmidB  and  tliey  have  the  symbols  respectively 
(lOll)  and  (202l),  here  A  =  i-OU.    la  Fig.  205,p  is  the  unit  pyramid  (lOll); 


199. 


200. 


201. 


here  i  =  0*50.  As  shown  in  these  cases  the  faces  ot  the  nnit  pyramids  replace 
the  edges  of  the  nnit  prism.  On  the  other  hand,  they  replace  tbe  solid  angles 
of  the  diagonal  prism  a  (IlHtO)  as  shown  in  Fig.  204. 
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183.  Diagonal  Pyramidt.  —  The  diagonal  pyramid,  or  pyramid  of  the 
aecoiid  order  (Fig.  liUO),  is  a  double  six-eided  J>;frami<l  iucluaiue  the  twelve 
■imilur  fuces  wbiuli  have  ihe  same  position  relauve  to  the  lateral  axes  as  the 
fiices  of  ttie  diKgonul  prism,  aDd_which  also  intersect  the  yertical  axis.  They 
have  tlie  general  symbol  (A  -  A  -  2/i  - 1).  The  xyni  bols  of  the  faces  of  tfae  form 
(1132)  are : 

Above  U 22,     I2l2,     3ll2,     1122,     l3l2,     2112. 

Below  U52,    I:il2,    5ll2,    1125,    l5l2,    2112. 

The  faces  of  the  diagonn)  pyramid  replace  the  edges  between  the  faces  of  • 
the  dingonul  prism  and  the  base.  Further,  tliey  replace  the  solid  angles  of  the 
unit  prism  m  (tulu).  Tliere  may  be  on  n  single  crystal  a  ininiber  of  diagonal 
pyramids  forming  a  zone  between  the  base  c  (OUOl )  and  the  faces  of  the  diagonal 

Srism  ff  {1130),  as,  naming  them  in  onier:   1134,  ll22,  22J3,  U2l,  et«.     In 
ig  205,  0,  8  are  the  diagonal  pyramids  (ll32)  and  (lt3l). 


wji:^;:^ 


124.  DihexagonalPyramid,— ThediAearffjonnl^yrdmi'rf,  Fig,  201,isndonb1e 
twelve-sided  pyramid,  having  the  twenty-four  similar  faces  embraced  under 
the  geiieriil  symbol  {hkil).  It  is  bounded  by  twenty-four  siniilur  faces,  each 
meeting  tlie  vertical  axis  and  having  a  ratio  for  the  intercepts  on  two  adjacent 
lateral  axes  between  1  : 1  and  1  : 2  (cf.  the  general  symbol  (2)  given  In  Art. 
115).  Tlina  the  form  (dlSl)  includes  the  following  twelve  faces  in  the  upper 
balf  of  the  crystal : 

SlUl,    1231,    13-31,    23Tl,    3211,    3121, 
3131,    1331,    1321,    '2311.    3211,    3l3l. 

And  similarly  below  wilh  I  (here  1)  ncji^ative,  2l3l,  etc.  The  dihexagonal 
pyramid  is  often  called  a  beryllniii  because  a  common  form  with  the  species 
beryl.     In  Fig  20r,,  w  is  the  berylloid  (II  •2-13 -3). 

125.  Combinations.— Fis;.  207  of  beryl  shows  a  conibiiation  of  the  base 
«{0001)  and  pHsm  «»  (loTO)  with  the  unit  pvramids  }>  (lOTl)  and  h  (203|); 
thediHgonal  pyramid  «  (ll3l)  and  the  berylloids  r  (2l3i)  and  n  (3lll).  Both 
the  last  forms  lie  in  a  zone  between  m  and  s,  for  which  it  is  true  that  k  =  I. 
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.The  basal  projection  of  a  similar  crystal  shown  in  Fig.  SOS  is  very  instrnctire 
as  exhibiting  the  symmetry  of  the  normal  hexagonal  group.     This  is  also  true 


of  the  spherical  projection  in  Fig.  209  of  a  like  crystal  with  also  the  form 
0(1132). 
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2.  HEMIMORPHIC  GROUP   (14)     lODYRITE  TYPE. 

126.  Symmetry.— This  group  differs  from  the  normal  group  only  in  having 
no  transverse  plane  of  principal  symmetry  and  no  horizontal  axes  of  binary 
symmetry.    It  has,  however,  tne  same  two  sets  of  planes  of  symmetry  meetmc 

at  angles  of  30^  in  the  vertical 
axis  which  is  an  axis  of  hex 
agonal  symmetry.  There  is  no 
center  of  symmetry.  The 
symmetry  is  exhibited  in 
tne  spherical  projection,  Fig. 
210. 

127  Forms.  —  The  forms 
belonging  to  this  group  are 
the  two  basal  planes,  0001  and 
0001,  here  distinct  forms,  the 
plus  (upper)  and  minus 
(lower)  pyramids  of  each  of 
lodyriie.  the  three  types ;  also  the  three 
prisms,  which  last  do  not  differ  geometrically  from  the  prisms  of  the  normal 
group.  An  example  of  this  group  is  found  in  iodyrite,  or  silver  iodide,  Fig 
211 ;  here  u  =  (40ll),  rr  =  (4055),  /3  =  (9-9-18-5()).  Greenockite  and  wurtjsite, 
also  zincite  (Fig  50,  p.  18)  are  classed  here,  but  there  is  some  reason  for 
believing  that  these  species  belong,  with  tourmaline,  to  the  corresponding 
group  under  the  trigonal  (rhombohedral)  division.  J 


3   PYRAMIDAL  GROUP  (15).     APATITE  TYPE. 

128.  Typical  Forms  and  Symmetry. — This  group  is  important  becanse  it 
includes  the  common  species  of  the  Apatite  Group,  apatite,  pyromorphite, 
mimetite,  vanadinite.     The  typical  form  is  the  212. 
hexagonal  prism  (hklO)  and  the  hexagonal  pyra- 
mid (hkil),  each  designated  as  of  the  third  order. 
These  forms  are  shown  in  Figs.  213  and  214. 
They  and  the  other  forms  of  the  group  have  only 
one  plane  of  symmetry,  the  plane  of  the  horizontal 
axes,  and   also  one  axis  of  hexagonal  symmetry 
(the  vertical  axis). 

The  symmetry  is  exhibited  in  the  spherical 
projection  (Fig.  212).  It  is  seen  here,  as  in  the 
figures  of  crystals  given,  that,  like  the  pyramidal 
group  under  the  tetragonal  system,  the  faces  of 
the  general  form  (hkil)  present  are  half  those 
belonging  to  each  sectant,  and  further  that  those  above  and  below  fall  in 
same  vertical  zone. 

129.  Prism  and  Pyramid  of  the  Third  Order. — The  prism  of  the  third  order 
(Fig.  213)  has  six  like  faces  embraced  under  the  general  symbol  {hklO),  and 
the  form  is  a  regular  hexagonal  prism  with  angles  of  60°,  not  to  be  distinguished 


TB 
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,  geotnetricall;,  if  alone,  from  the  other  liexngoiml  priame  ;  cf.  Figa.  195,  196, 
p.  68     The  six  faces  of  the  right-handed  form  {'i\^)  have  the  Eytubols 
2l30,    i320,     ^-UO,    3130,     1320,     3310. 
The  faces  of  the  coin)i1ementary  left-hnnded  form  have  the  eymbole : 

1250,    23lO,    3120,    T530,    23lO,    3!20. 
Theee  two  forms  together  embrace  all  the  faces  of  the  diheiagoDal  prism 

(Fig.  19;). 

i'lic  pvramid  is  aUo  a  regular  hexagonal  pyramid  of  the  third  order,  nnd  in 
it^'  rolutioii£  to  the  othei  hexagonal  jwramidB  of  the  group  (Fig^.  199,  '^00)  it  is 
analogous  to  llie  squntc  pyramid  of  the  third  order  met  witli  in  the  correspond- 
ing  group  of  the  tetingoual  system  (see  Art.  98).  The  faces  of  the  right- 
handed  form  (2l33)  are : 

Above  2133,     l353,     3213,     Sl33,     l523,     3513. 

Below  2133,    1353,    32l3,    5133,    l323,    3213. 

There  is  also  a  complementary  left-handed  form,  which  with  this  embmces 

all  the  faces  of  the  dihexagonni  pyramid.     The  cross  section  of  Fig.  215  shows 

in  outline  the  position  ol  the  unit  prism,  and  also  that  of  the  right-handed 

prism  of  the  tliird  ordet. 

213.  314.  aiB. 


Apniile.  Apatlle.  Aimiiie. 

The  prism  and  pyramid  jnat  described  do  not  often  appenr  on  cryptale  as 
predominitting  forms,  though  this  is  sometimes  the  Ciise;  for  eiample,  Fip.  217 
shows  a  crvstftl  of  nnat.ite  in  which  the  prominent  pynimid  ;j  is  a  jiynimid  of 
the  tliird  order  (2131).  Coinmotily  these  fiices  are  present  modifyiii;:  other 
fnndamentiil  forms,  and  their  character  is  obvious  from  their  positiou  relatively, 
for  example,  to  the  unit  prism  m  (lUlO). 
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130.  Other  Forms. — The  remaiuing  forms  of  the  group  are  geometrically 
like  those  of  the  uurmal  group,  viz.,  the  base  (0001)  ;  the  unit  prism  (lOlO) ; 

the  diagonal  prism  (llSO);  the  unit  ])yramid8  (hOhl);  and  the  diagonal  pyra- 
mids (h'h"ZTi'l).  Tliat  their  molecular  structure  is  the  same  is  readily 
proved,  for  example  by  etching.  In  this  way  it  was  shown  that  pyromorphite 
and  mimetite  belong  in  tlie  same  group  with  apatite  (Baumhauer),  though 
crystals  with  the  typical  forms  have  not  been  observed. 

131.  Typical  crystals  of  apatite  are  given  in  Figs.  216, 217,  and  218  (a  basal 
section).  They  show  the  third-order  prisms  k  (4150),  A  (2l3o),  /i,  (123o),  and 
the  third  order  pyramids,  right,  ^  C^lSl),  n  (3lll),  q  (43? L),  o  (Ul'4),  left, 
i  (123'i);  also  the  unit  pyramids  r  (10l2),  x  (lOll),  y  (2oSl),  z  (303l);  the 
diagonal  pyramids  v  (11^:^),  8  (llSl);  finally,  the  prisms  m  (lOlO),  a  (ll30)» 
and  the  base  c  (UOOl). 

4.  PYRAMIDAL-HEMIMORPHIC  GROUP  (IC).    NEPHELITE  TYPE. 

132.  Symmetry. — A  fourth  group  under  the  hexagonal  system,  the  pyra- 
midal-hem imorp/iic  groupf  is  like  that  just  described,  except  that  the  forms  are 
hemimorphic.  The  single  horizontal  plane  of  symmetry  is  absent,  but  the 
Tertical  axis  is  still  an  axis  of  hexagonal  symmetry.  This  symmetry  is  shown 
in  the  spherical  projection  of  Fig.  219.  The  typical  form  would  be  like  the 
tipper  half  of  Fig.  2 14  of  the  pyramid  of  the  third  order.  The  species  nephelite 
is  shown  by  the  character  of  the  etching-figures  (Fig.  220,  Groth  after  Banm- 
hauer)  to  belong  here. 

219.  220. 


V 


Neplielite. 

5.  TRAPEZOHEDRAL   GROUP  (17). 

133.  Symmetry. — The  last  group  of  this  division  is  the  tmpezohedral group. 
It  has  no  plane  of  symmetry,  but  tl^e  yertical  axis  is  an  axis  of  hexagonal 

221.  222. 


/ 


X 

b 


\        / 

■■■¥ 

/     V 


p. 


> 


X  ' 

/o 


xP 


74 


CBYSTALLOGBAPHT* 


symmetry,  and  there  are,  further,  six  horizontal  axes  of  binary  symmetry.  .There 
is  no  center  of  symmetry.  The  distribution  of  the  faces  of  the  typical  form 
(hkil)  is  shown  in  the  spherical  proiection  (Fig.  221).  The  typical  forms,  the 
right  and  left  hexagonal  trapezohedrons  (see  l^ig.  222),  are  enantioraorpbous, 
and  the  few  crystallized  salts  falling  in  this  group  show  circular  polarization. 
The  symbols  of  the  right  form  (2 1 33)  are  as  follows  : 

Above  2133,     l323,     3213,     2l33,     l323,     33l3. 

Below  1233,    2313,    3l23,    1233,    23l3,    3123. 


B.    Trig^onal  or  Rhonibohedral  DiviHion, 

134.  Oeneral  Character. — As  stated  on  p.  65,  the  groups  of  this  division 
characterized  by  a  vertical  axis  of  trigonal,  or  threefold,  symmetry.     There 
seven  groups  here  included  of  which  the  group  of  the  Ualcite  Type  is  by 
liar  the  most  important. 

136.  Trigonotype  Group. — The  first  group  (18),  that  which  has  strictly  the 
223  224         highest  grade  of  symmetry,  has 

no  known  representatives  among 
crystals,  natural  or  artificial.  It 
has,  besides  the  vertical  axis  of 
trigonal  symmetry,  three  hori- 
zontal axes  of  binary  symmetry. 
There  are  four  planes  of  sym- 
metry, one  horizontal,  and  three 
others  intersecting  at  angles  of 
60°  in  a  vertical  axis.  The  char- 
acteristic forms  ai'e  the  trigonal 
prism  and  pyramid  and  ditrigonal 
prism  and  pyramid.  The  sym- 
metry is  exhibited  in  Fig.  223.  The  typical  form  (Fig.  224)  is  a  double 
ditrigonal  pyramid  with  terminal  edges  alike  in  alternate  sets  of  three  each. 
This  form  may  be  compared  to  a  scalenohedron  twinned  about  the  vertical  axis. 

2.  RHOMBOHEDRAL   GROUP  (19).     CALCITE   TYPE. 

136.  Typical  Forms  and  Symmetry. — The  typical  forms  pf  the  rhomhohedral 
qroup  are  the  rhombohedron  (Fig.  226)  and  the  scalenohedron  (Fig.  242). 
These  forms,  with  tlie  spherical  projection.  Figs. 
225  and  252,  illustrate  the  symmetry  character- 
istic of  the  group.  By  comparing  Fi^.  252  with 
Fig,  209,  p.  70,  it  will  be  seen  that  all  the  faces 
in  half  the  sectants  are  present.  This  group  is 
hence  analogous  to  the  tetrahedral  group  of  the 
isometric  system,  and  the  sphenoidal  group  of  the 
tetrasronal  svstem. 

In  this  ^roup  there  are  three  planes  of  sym- 
metry only;  these  are  diagonal  to  the  crystallo- 
graphic  axes  and  intersect  at  angles  of  60°  in 
the  vertical  crystallographic  axis.  This  axis  is 
with  these  forms  an  axis  of  trigonal  symmetry; 
there  are,  further,  three  horizontal  axes  of  binary  symmetry. 
225,  also  Fig.  226  et  seq. 


226. 


Compare  Fig. 
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137.  Ehombohedron. — Geometrically  described,  the  rhombohedron  is  a  soUd 
bouuded  by  six  like  faces,  each  a  rhomb.  It  has  six  like  lateral  edges  forming 
a  zigzag  Hue  about  the  crystal,  and  six  like  terminal  edges,  three  above  and 
three  in  alternate  position  below.  The  vertical  axis  joins  the  two  trihedral 
solid  angles^  aud  the  lateral  axes  join  the  middle  points  of  the  opposite  sides, 
a8  shown  in  Fig.  226. 

The  general  symbol  of  the  rhombohedron  is  (hOhl),  and  the  successive  faces 
of  the  unit  form  (lOll)  have  the  symbols  : 

Above,  lOll,    1101,    0111;        below,  OlII,     lOlI,    lIOL 

The  geometrical  shape  of  the  rhombohedron  varies  widely  as  the  angles 
change,  and  consequently  the  relative  length  of  the  vertical  axis  ^  (expressed 
in  tei*ms  of  the  lateral  axes,  a  =  1).  As  the  vertical  axis  diminishes,  the 
rhombohedrons  become  more  and  more  obtuse  or  flattened ;  and  as  it  increases 
they  become  more  and  more  acute.  A  cube  placed  with  an  octahedral  axis 
vertidal  is  obviously  the  limiting  case  between  the  obtuse  and  acute  forms 
where  the  interfacial  angle  is  90".  In  Fig.  226  of  calcite  the  normal  rhombo- 
hedral  anrie  is  74°  55'  and  i  =  0-854,  while  for  Fig.  228  of  hematite  this  anglo 
is  94"  and  i  =  1-366.  Furttier,  Figs.  229-234  show  other  rhombohedrons  of 
calcite,  namely,  e  (0112),  0  (0554),  /  (022l),  J/(40?l),  and  v  (13-0-13-1), 
p  (16-0  T6'l),  here  the  vertical  axes  are  in  the  ratio  of  J,  f,  2,  4,  13,  16,  to  that 
of  the  fundamental  (cleavage)  rhombohedron  of  Fig.  226,  whose  angle  deter- 
mines the  value  of  d, 

226.  227.  228. 


138.  Plus  and  Minus  Rhombohedrons. — To  every  plus  rhombohedron  there 
may  be  an  inverse  and  complemertary  form,  identical  geometrically,  but 
bounded  by  faces  falling  in_the  alternate  sectants.  Thus  tlie  minus  form  of 
the  unit  rhombohedron  (0111)  shown  in  Fig.  227  has  the  faces: 

Above,  Olll,     Ion,     lIOl;         below,  IlOl,     0111,     lOlI. 

The  position  of  these  in  the  spherical  projection  (Fig.  252)  should  be 
carefullv  studied;  see  also  Fig.  262.  Of  the  figures  already  referred  to,  Figs. 
226,  228,  232,  233  are  plus,  and  Figs.  227,  229,  230,  231  minus,  rhombohe- 
drons; Fig.  234  shows  both  forms. 

It  will  bo  seen  that  the  two  complementary  plus  and  minus  rhombohedrons 
of  given  axial  length,  that  is,  of  given  angrle,  c.^.,  1011  (-f-i?)  and  OTll  (—  /<*), 
together  embrace  all  the  like  faces  of  tlie  double  six-sided  pyramid.  M'hen 
these  two  rhombohedrons  are  equally  developed  the  form  is  geometrically 
identical  with  this  pvramirl.  This  is  illustrated  by  Fig.  237  of  gmelinite 
r  (lOll),  p  (Olll)  and  by  Figs.  266,  267,  p.  83,  of  quartz,  r  (lOll),  z  (Olll).* 

•  Qiinrtz  server  ns  a  convenient  illustrntion  in  this  case,  none  the  less  so  notwithstanding 
the  ftict  that  it  belongs  to  the  trapezohedral  group  of  this  dIvibioD. 
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Id  eaoh  case  the  form,  which  ia  gecmetricoll;  an  hesagonal  pymmid  (in  Fig. 
237  with  c  and  m),  te  iu  fact  a  combination  of  the  two  unit  rhonibohwlTons, 

Elos  and  niitina.  Commonly  a  ditTerencc  in  eize  between  the  two  forms  may 
e  observed,  as  in  Figs.  236  and  'ZtiS,  where  the  form  talcen  as  the  plus  rliombo- 
hedroii  predomiiiatea.  But  even  if  this  distinction  cmniot  be  eutablished,  lUe 
two  rhom boiled rous  can  always  be  diatiuguiahed  by  etching,  or,  as  iu  the  case 
of  quartz,  by  pyro-electrical  phenomena. 

239.  231.  23a.  333.  234. 


Pigs.  889-285,  Cultlie.  Figs.  280,  237,  Qmellolte. 
139  Of  the  two  series,  oi  zones,  of  rhombohedrona  the  faces  of  the  plus 
rhombohedrom  repliice  the  edges  between  the  buae  (0001)  and  tbo  unit  prism 
(lOTO).  AIho  the  ittoea  of  the  'HtHM.^  rhumfxjUedrons  rephice  the  alternate  edge* 
ol  the  same  forms,  that  is,  the  edges  between  (0001)  luid  (OllO),  (compare  Fim, 
236.  iZt,  etc.).     Fig.  338  shows  the  rbombobedron  in  combintitiou  with  ths 


Figs  33t».  339.  Kematiu.  Coqiii  in  litre.  Eiidlaljtc 

base  Fig.  339  the  same  with  the  prism  /r  (1  ]  JO).  When  the  anffle  between  the 
two  forms  happena  to  approiimate  to  70"  3i'  the  crystal  siinuljilea  the  aspect 
of  a  regular  octahedron.    This  ia  illustrated  by  Fig.  240;  here  co  =  69°  42% 
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also  00  =  71°  22',  and  the  crystal  resembles  closelj  aa  octahedron  vith  trnn- 
cated  tidges  [ct.  Fig  77,  p.  3«). 

140.  There  is  u  very  eimpie  relation  between  the  plus  and  minus  rhombo- 
hedroiia  which  it  is  importaut  to  remember.  The  form  of  one  Beries  which 
traiicutes  the  terminal  edges  of  a  given  form  of  the  other  has  half  tue  length 
of  the  vertical  axis,  and  this  ratio  is  expressed  in  the  values  of  the  indicej 

of  the  two  forma  Thus  (0li2),  or  —  -  K,  truncates  the  terminal  edges  of 
the  plus  unit  rhombohedron  (lOll),  or  H;  (lt<l4),  or  +  jR,  tmncBtes  the 

terminal  edgea  of  (OlT2),  or  —  5  B,  10l5  oi  (2055).     Again  (lOll),  or  +  B, 

truncates  the  edges  of  (0221),  01  -  2R;  (4041),  or  +  411,  of  025l,  or  -  2R, 
etc.  This  is  illnatrotcd  by  Fig.  235  with  the  forma  r(10il)and  /(02i5l). 
Also  in  Fig.  241  a  basal  projection,  «  (1U14)  truncates  the  edges  of  e  (Oll2)i 
e(0ll2)or  r(lOll);  r  (lloi)  of  s  (U22l). 

141.  .Scalenohedron.— The  scaienuhedron,  shown  in  Fig.  242,  is  the  general 
form  for  tiiia  group  corresponding  to  the  symliol  hkil.     It  is  a  242. 
solid,  bonnded  by  twelve  fuces,  each  a  scalene  triangle.     It  has 
ronglity  the  shape  of  a  double  sis-aided  pyramid,  but  there  are 
two  sets  of  terminal  edges,  one  more  obtuse   than  ilio  other, 
and  the  lateral  edgea  form  a  zigzag  edge  around  like  thiit  of 
the  rhombohedron.     Like   the   rhomboliedrons,   the   scaleno- 
bedrona  may  be  cither  plus  or  minus  accordingaa  to  whether 
the  faces  are  symmetriciil  to  the  zone-circle  luTl»,  0001,  or  to  ' 
Olio,  0001.     The  former  plus  forma  correspond  in  position  to 
the  pins  rhombohedrons  and  conversely. 

The  plus  scnienohedron  (2l3l),  Fig.  242)  has  the  following 
symbols  for  the  several  faces: 

Above    2l3l,    Sail,    3211,    !331,    l321,    3!5l. 
Below    1231,    I32T,    3l2l,    2131,    234l,    331!.  g 

For  the  complementary  i 
faces  are: 


I  scalenohedron   (1231)  the  symbols  of  the 


Above     123l, 
Below     33ll, 


I33l, 
32  ll. 


3121, 

mi. 


5T3I,    2311,    3ST1. 
l32l,    3151,    2l3i. 


149.  Btlatlon  oF  BeklraaliadToiu  to  BliombohBdroni. — It  wns  noled  alxive  Ibst  llie  Hcnleoo- 
bislrou  hi  KeiiL'ntI  Iihb  a  series  of  zif.'Ziig  lutcrnl  eil^eR  like  ilie  rlioitiboliedroD.  Ii  Uobvliius. 
fiirllier.  Ihiit  for  every  rliuinbolicilrnii  tliere  will  be  11  aeries  or  zmic  ui  scalenolii'drona 
linTiiift  tlie  tamt  kteral  tilgea.  Tlili  Is  shown  in  Fig.  34S.  wliere  tlje  RiiileiuibeUron 
v(2l&I)  lievcia  tbe  lateral  eili^to  or  ibr  futiibLmeDtnl  rliumbolieijroii  r  (Kill):  tbu  same 
woii7<l  be  iruc  of  llic  Bralenobeilmn  (3^Sl).  etc.  Furtber,  in  Fig.  340.  the  iiilriiia  soilino- 
bedroii  X  184l)  Ih-ti'!«  the  liitemt  edges  of  Ihc  intnii''  rhombuhcdroii/iOSSl)  The  nliillon 
of  the  iiiiilcM  which  must  enlsl  hi  Ihcs;  cnsia  ini>v  be  shown  to  be,  for  exBrnple.  for  the 
rb>iinbohe<lroiir(10!l),  h  =  k-\-l\  ng.ila  for/ (0-2^1),  h  +  %t  =  k.  eic.     ISce  nlso  the  pro 

jwtioii  Fig.  a-vi 

FiiribiT.  the  pnaltlon  of  the  scale n oh edron  may  he  deflnett  with  rpfercnce  to  lis  pnrcnt 
rli oil) bi>lird roil.  For  exninple.  In  Fig.  34.%  the  srnlenolieilrnii  v  (2l3n  Iihi  three  ilmi-s  the 
rertlcnl  ax(*  of  the  milt  rlimnl>ohi><lmn  r  (1011).  Afpihi  In  Fig  240  }■  (1R4I)  Las  twice  the 
vertical  axis  of  /(O2SI1.  Renre  the  ayslein  of  symliols  devised  by  Nniimniin  to  express 
tbh  relatlmi.  wri'ien  Id  geiit-nd  t»Rn  or  (tn  Diiim's  System  m').  wbere  the  n  expresses  the 
tauliiple  value  of  the  vertical  azia  correa  pom  ling  to  the  rbombobedron  mR.    The  symbol 
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of  t>  is  OD  tliU  aystein  R8 


Pigs.  247  248,  Corundum. 


Ffgs.  249.  250,  Spaugoliie.* 


361. 


143.  Other  Forms, — Tho  remaining  forme  of  the  normal  group  of  the 
rhombohedral  diviBioo  are  geometrically  like 
those  of  the  corresponding  group  of  the  hesa- 
gonal  system — viz.,  the  base  c  (UOUl) ;  the  prisms 
m  (lOlO),  a  (USO),  (liklO);  also  the  diagonal 
pyramids,  as  {ll3l).  Some  of  these  forms  are 
shown  in  the  accompanying  figures.  For  further 
illustrations  reference  may  be  made  to  typical 
rhombohedral  species,  as  calcite,  hematite,  etc.        , 

With  respect  to  the  diagonal  pyramid,  it  is 
interesting  to  note  that  if  it  occurs  alone  (as  in 
Pig.  247,  n  =  2243)  it  is  impossible  to  say>  on 
geometrical  grounds,  whether  it  has  the  trigonal 
symmetry  of  the  rhombohedral  type  or  the  hexa- 
gonal symmetry  of  the  hexagonal  type.     In  the 

latter  case,  the  form  might  be  made  a  unit  pyramid  by  exchanging  the  axial 
and  diagonal  planes  of  symmetry.  The  true  symmetry,  however,  is  often 
indicated,  as  with  corundum,  by  the  occurrence  on  other  crystals  of  rhombo- 
hedral faces,  as  r  (lOTl)  in  Fig.  248  (here  z  =  22ll,  w  =  14-14'5f5-3).  Even 
if  these  are  absent  (Fig.  2401,  the  otohlng-figures  (Fig.  2501  will  often  servo 
to  reveal  the  true  trigonal  molecular  symmetry;  here  o  =  (ll24),  />  =  (1132). 

144.  A  basal  projection  of  a  somewhat  complex  crystal  of  ciik-ite  in  given 
in  Fig.  351,  and  ,\  spherical  projection  for  the  same  species  in  Fig.  2,'i3;  both 

t  (betnlmorplilc}  group,  but  ibis  faci  does  not 
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fihow  woll  tfae  symmetryin  the  distribution  of  the  faces.    Here  the  forma  sre: 

prisms,  fl  (llSO),  m  (1010);  rhombobedrons,  plus,  r  (1011),  minus  e  (Olts), 

ip  (0554),/  (OaSl) ;  scalenohedrona,  plus,  v  (2l3l),  t  (2l34),.miDUB„a:  (,13il>. 

2G2. 


3.     RHOMBOHEDRAL-HEMIMORPHTC   GROUP  (20).     TOUIt 

MALINE   TYPE. 
145.  Symmetry. — A    number    of    prominent    Hioinbohedral    species,  ■• 
tonrmaliue,  pyrargyrite,  pronsiite,  belotig  to  u  Iiemiitiorpliic  group  under  this 
„„  division.     For  tbein  the  symmetry  in  the  group- 

tug  of  the  fiices  differs  at  the  two  extremities  of 
the  vertical  axis.  Tlie  forms  have  tlie  three 
din<;onal  planes  of  symmetry  meeting  at  angles 
of  GU°  in  the  vertical  axis,  wl)ich  is  an  axis  of 
trigonal  symmeti'v.  There  arc,  however,  no 
horizontal  axes  of  symmetry,  as  in  the  rhombo- 
hedral  group,  and  there  is  no  center  of  sym- 
metry.    Cf.  Fig.  353. 

146.  Typical  Forma.  —  In    this    group  the 
basal    planes    (0001)     and     (OOOT)    are   distinct 
forms.     The  other  characteristic  forms  are  the 
two  trigonal  prisms  wi(luTO)  and  wi,  (0110)  of  the 
ooit  series;  also  the  four  trigonal  unit  pyramids,  corresponding  respeotivelj 
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to  the  three  upper  and  three  lower  faces  of  a  plus  rhombohedron,  an(]  the 
three  npper  and  three  lower  fiices  of  the  minuu  rlionilioliedroii;  also  the 
hemimorphic  diagonal  faexagonul  pyramiij;  jjiially,  the  four  ditrigoua]  J>yni- 
inids,  correepoiiiliiig  to  the  upper  und  lower  faceii  respectively  of  tlie  plus  and 
minus  aciilenohedrons.  Figs.  254-357  illustrate  these  forms.  Fig.  )ibti  is  a 
basal  section  with  r,  (OlII)  and  e,  (I0l5)  below. 


Ftgi.  S54-257,  Toummlhie,  ' 


I  (1010). 
«,  (lOtS), 


I,  (OliO),  a  (llSO),  ft(4l60),  r(IOll),  «(OseiX 
*{825i),  1(1383). 


4.  TRI-RHOMBOHEDRAL   GROUP  (21).     PHENACITE  TYPE. 

147.  SymmetTj. — This  group,  illustrated  by  the  species  dioptoae,  pbeuacite, 
villemite,  dolomite,  ilmenite,  etc.,  is  an  impor- 
tant one.  It  is  chamcterizud  by  tlie  absence  of 
all  planes  of  symmetry,  hut  the  vertical  uxia  is 
Still  an  axis  of  trigonal  symmetry,  and  there  is 
g  center  of  symmetry.     Cf,  Fig.  258. 

148.  Typical  Forms. — The  diBtinctire  forms 
of  the  group  are  the  rhombohedron  of  the  second 
order  and  the  hexagonal  prism  and  rhombo- 
hedron, each  of  the  third  order.  The  group  is 
thus  characterized  by  three  distinct  rhombohe* 
drons  (each  -|-  and  — ),  and  hence  the  name 
gifeii  to  it. 

The  complemenlary  plus  and  minus  rhombo- 
bedrons  of  the  second  order  together  embrace  all  the  faces  of  the  iliagonal 
prramid  of  the  normal  group.  For  example,  in  a  giren  case  the  faces  for  the 
plus  and  minus  forms  are: 

Plus       (above)    ll33,    2112,    l5l2;     (below)    ISTS,    3123,    2l!i5, 
M%nu8    (above)    1212,    1122,    2ll2;     (below)    Sll3,    l3li3,    lliS3. 
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The  rbombobedron  of  the  third  order  has  the  geoeral  symbol  {KImI),  and 
the  symbols  of  the  sis  like  faces  of  the  plus  right-handed  form  (3l3l)  are: 
Above    2l5l,    3211,    l521;    below    I32I,    5l3l,    32II. 

There  are  three  other  complementary  rhombobedrons,  distinguished 
reepectively  as  plus  left-handed  (3l3l),  minus  right-handed  (l33l),  and  minns 
left-handed  {133l).  These  four  seta  of  faces  make  up  the  twenty-four  like 
faces  of  the  dihexagoual  pyramid  of  Fig.  201.  In  Fig.  259  (drawn  in  the 
reverse  position)  the  minus  right-handed  form  (I3S2)  is  shown. 

The  complementary  right  and  left  hexagonal  prisms  of  the  third  order 
embrace  all  the  faces  of  the  dihezagonal  prism  (Fig.  197).  The  faces  is  a 
given  case  (2l30)  have  the  symbols: 

Bight      2l50,      i350,      3310,      3130,      l320,      32l0, 
Left         1230,      23l0,      5l20,      1230,      25lO,      3l50. 

149.  The  remaining  forms  are  geometrically  like  those  of  the  rhombobedral 
gronp,  viz.:  Base  c(OOOl);  unit  prism  m  (lOlO);  diagonal  prism  a  (llSO); 
rhombobedrons  of  the  first  order,  as  (lOll)  and  (Olll),  etc 


\  isa       Voiio 

150.  The  forms  of  this  ^oup  are  best  illustrated  by  the  crystals  of  the 
species  pbenacite,  with  which  the  minus  right  rbombobedron  x  (I3S2)  is  not 
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to  the  three  upper  and  three  lower  faces  of  a  pliia  rhombohedron,  and  the 
three  npper  and  tlireu  lower  faces  of  ti.e  mtiiuii  rhoniboheilroii;  aUo  the 
hemimorpliic  diagonal  hexagonal  pyi-amid;  finally,  tlio  four  ditrigoua!  pvm- 
mids,  corresponding  to  the  upper  and  lower  faces  respectively  of  ilic  plus  uiid 
minns  sciilenohedrons.  Figs.  S54-257  illustrate  these  forms.  Fig.  UbH  is  a 
basal  Bcction  with  r,  (Oil!)  and  e,  (lUlS)  helow. 


ngi.  S34-257,  TounnallDe,  m  (lOlO).  >»,  (OlIO),  a(llSO>,  A<4lS0),  r  (iOll),  o  (DSSl), 
«,(10iS),  u(S25i).  z<13S3). 


4.  TRI-RHOMBOHEDRAL  GROUP  (21).    PHENACITE  TYPE. 


147.  Symmetry. — This  group,  illustrated  by  the  species  dioptase,  pbeuacite, 


willemite,  dolomite,  itmenite,  etc.,  is  an  impor- 
tant one.  It  is  cliaracterizisd  by  tlie  absence  of 
all  planes  of  symmetry,  but  Che  vertical  axis  is 
still  an  aiis  of  trigonul  symmetry,  and  there  is 
a  center  of  symmetry.     Cf.  Fig.  258. 

148.  Typical-  Forms.— The  distinctive  forma  / 
of  the  group  are  the  rhombohedron  of  the  second  ^. 
order  and  the  hexagonal  prism  and  rhombo-  \ 
bedron,  each  of  the  third  order.  The  group  is  ', 
thus  characterized  by  three  distinct  rhombobe- 
drons  (each  -|-  and  — ),  and  hence  the  name 
given  to  it. 

The  complementary  pins  and  minus  rhombo- 


/ 


1/      \ 


idrons  oT  the  iiecond  order  together  embrace  all  the  faces  of  the  diagonal 
'ramid  of  the  norma]  group.  For  example,  in  a  giveu  case  the  fuccs  for  the 
us  and  minus  forms  are: 

Plus       (aboTe)    llS2,    3U2,    l3l2;     (below)    13TS,    1123,    2iI5, 
Minui    (above)    I2T2,    1132,    2112;     (below)    Sll3.    l2lS,    \m. 
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The  rhombohedron  of  the  third  order  has  the  general  eymbol  (hkU),  and 
the  symbolB  of  the  six  like  faces  of  the  plus  right-handed  form  {2l5\)  are: 
AboTe  2l5l,  3211,  l32l;  below  I32I,  5l3l,  3211. 
There  are  three  other  complementary  rhombohedrous,  digtingtiished 
respectively  as  plus  left-handed  (3lSl),  minus  right-handed  (133lJ,  and  minog 
left-handed  (1231),  These  four  sets  of  faces  make  up  the  twenty-four  like 
faces  of  the  dihezagonal  pyramid  of  Fig,  201.  In  Fig.  259  {drawn  in  the 
reverse  position)  the  minus  right-hauded  form  (1332}  is  shown. 

The  complementary  right  and  left  hexagonal  prisms  of  the  third  order 
embrace  all  the  faces  of  the  dihexagonal  prism  {Fig.  197).  The  faces  ia  a 
given  case  {2l30)  have  the  symbols: 

Right      2130,      I3S0,      5210,      2l30,      1320.      33l0, 
Left         1230,      S3lO,      3120,      3530,      25lO,      3l50. 
149.  The  remaining  forms  are  geometrically  like  those  of  the  rhombohedral 
gronp,  viz.:  Base  c(OOOl);   anit  prism  m  (lOlO);  diagonal  prism  a  (llSO); 
rhombohedroDS  of  the  first  order,  as  (lOll)  and  {Olll),  etc. 

3B9.  260.  361. 


ISO.  The  forms  of  this  group  are  best  illnstrated  by  the  crystals  of  the 
species  phenacite,  with  which  the  minus  right  rhombohedron  x  {1332)  is  not 
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infrequently  the  predominating  form,  as  in  Fig.  259.  The  trae  position  of 
this  rhombohedron  is  shown  by  its  relation  to  the  prisms  m  (lOlO)  and  a  (llSO). 
A  more  complex  crystal  of  the  same  species*  is  given  in  Fig.  260,  and  a  basal 
projection  (in  normal  position)  is  shown  in  Fig.  261.  The  faces  present  are: 
rhombohedrons,  first  order,  plus,  r  (lOll),  minus,  z  (Olll),  d  (0112);  second 
order,  right,  p  (ll53),  left,  p^  (2ll3),  o  (4^33) ;  third  order,  plus  right,  s  (2l3l), 
minus  left,  x^  (1232),  minus  riffht,  x  (1322). 

In  order  to  make  cleaj*er  the  relation  of  the  faces  of  the  different  types  of 
forms  under  this  group.  Fig.  262  is  added.  Here  the  zones  of  the  plus  and 
minus  rhombohedrons  of  the  first  order  are  indicated,  also  the  plus  and  minus 
sectants  corresponding  to  each. 

The  following  scheme  may  also  be  helpful  in  connection  with  Fig.  262.  It 
shows  the  distrioution  of  the  faces  of  the  four  rhombohedrons  of  the  third 
order  (-{-  r,  +  I,  —  r,  —  I)  relatively  to  the  faces  of  the  unit  hexagonal  prism 
(1010). 

Phenacite  Type, 


-hi    +r 
8121  2l8l 

1231  1321 

2811  3211 

3l21  2131 

i231  1321 

-I    -r 
2S1I  8211 

1010 

Olio 

1100 

1010 

0110 

1100 

-i  -r 
8l2i  2l3l 

1231  1321 

-I    -r 
2311  3211 

+  1    4-r 
3l2i  2131 

i23i  l32i 

+  1    +r 
23ll  8211 

5.  TRAPEZOHEDRAL  GROUP  (22).  QUARTZ  TYPE. 


263. 
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161.  Symmetry. — This  group  includes,  among  minerals,  the  species  quartz 
and  cinnabar.     The  forms  have  no  plane  of  symmetry  and  no  center  of  sym- 
metry; the  vertical  axis  is,  however,  an  axis  of 
trigonal   symmetrv,  and   there    are  also  three 
.  j»  horizontal  axes  or  binary  symmetry,  coincidinff 

T"^.^  in  direction  with  the  crystallographic  axes;  cf! 

''      \  Fig.  263.  J  e    1 

152.  Typical  Forms.  —  The  characteristic 
form  of  the  group  is  the  trigonal  trapezohedron 
-^  shown  in  Fig.  264.  This  is  the  general  form 
corresponding  to  the  symbol  (JtkU),  the  faces 
being  distributed  as  indicated  in  the  accompany* 
ing  spherical  projection  (Fig.  263).  There  are 
four  such  tranezohedrons,  two  plus,  culled 
respectively  right-handed  (Fig.  264)  and  left- 
handed  (Fig.  265),  and  two  similar  minus  forms, 
also  right-  and  left-handed  (see  the  scheme  given  in  Art.  154).  It  is  obvious 
that  the  two  forms  of  Figs.  264,  265  are  enantiomorphous,  and  circular 
polarization  is  a  striking  character  of  the  species  belonging  to  the  group  as 
elsewliere  discussed. 

The  symbols  of  the  six  faces  belonging  to  each  of  these  will  be  evident  on 
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♦  Drawn  with  the  zone  of  minus  rhombohedrons  in  front  to  better  show  the  modifying 
faces.     Fig.  259  is  similar. 
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consulting  Figcu  263  and  209,  p.  70.  The  complementary  pins  forms  (r  and  I) 
of  a  given  symbol  include  the  twelve  faces  of  a  plus  scalenohedron,  while  tho 
faces  of  all  four  include  the  twenty-four  354.  255^ 

faces  of  the  dihexagonal  pyramid. 

Corresponding  to  these  trapezohedrons 
there  are  two  ditriqonal  prisms,  respectively 
right-  and  left-handed,  as  (2l50)  and  (3lS0). 

The  remaining  characteristic  forms  are 
the  right-  and  left-handed  trigonal  prism 
a  (IlSO)  and  a  (2110);  also  the  right-  and 
left-handed  trigonal  pyrawid,  e^  (11^2)  and 
(2II2).  They  include  respectively  the  faces 
of  the  hexagonal  prism  of  the  second  order 
(ll30)  and  tliose  of  the  corresponding  pyra- 
mid (ll22);  these  are  shown  in  Figs.  196 
and  200. 

153.  Other  Forms. — The  other  forms  of  the  group  are  geometrically  like 
those  of  the  normal  group.  They  are  the  base  c  (0001),  the  hexagonal  unit 
prism  m  (lOlO),  and  the  plus  and  minus  rhombohedrons  as  (1011)  and  (OlIl)« 
These  cannot  be  distinguished  geometrically  from  the  normal  forms. 

154.  Illustrations. — The  forms  of  this  group  are  best  shown  in  the  species 
quartz.  As  already  remarked  (p.  75),  simple  crystals^often  appear  to  be  of 
normal  hexagonal  symmetry,  the, rhombohedrons  r  (1011)  and  z  (Olll)  being 
equally  developed  (Figs.  266,  267).  In  many  cases,  however,  a  difference  in 
molecular  character  between  them  can  be  observed,  and  more  commonly  one 
rhombohedron,  r  (lOll),  predominates  ;  the  distinction  can  always  be  made  out 
by  etching.  Some  crystals,  like  Fig.  268,  show  as  modifying  faces  the  right 
trigonal  pyramid  s  (ll2l),  with  a  rigJtt  plus  trapezohedron,  as  x  (5l8l).  Such 
crystals  are  called  right-handed  and  rotate  the  plane  of  polarization  of  li^ht 
transmitted  in  the  direction  of  the  vertical  axis  to  the  right.     A  crystal,  like 
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Figs.  266-270,  Quartz. 


Fig.  269,  with  the  left  trigonal  pyramid  s  (2     1)  and  one  or  more  lefi  trapez 
hedrons,  as  x  (6lSl),  is  called  left-handed,  and  as  regards  light  has  the  opposi 
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opposite 
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character  to  that  of  Fig.  268.  Fig.  270  shows  a  more  complex  right-handed 
crystal  with  several  plus  and  minus  rhombohedrons^  several  plus  right  trapezo- 
hedrons  and  the  minus  left  trapezohedron,  i\r. 

The  following  scheme  shows  the  distribution  of  the  faces  of  the  four  trape- 
zohedrons_(+  r,  -h  ?,  —  r,  —  I)  relatively  to  the  faces  of  the  unit  hexagonal 
prism  (1010)  ;  it  is  to  be  compared  with  the  corresponding  scheme^  given  in 
Art.  150,  of  crystals  of  the  phenacite  type.  In  the  case  of  the  minus  forms 
some  authors  prefer  to  make  the  faces  2131^  123l,  etc.,  right,  and  3lSIj  ISSl^ 
etc.,  left. 

Quartz  Type. 


-f  ^  +r 
8121  2lSl 

-«  -r 
12^1  1821 

+  1    +r 
2811  8211 

-I    -r 
8121  2181 

+  1    +r 
1281  1821 

-«  -  r 
2S11  82ll 

1010 

0110 

1100 

1010 

0110 

1100 

-r  -  I 
8lM  2l3l 

+  r  +1 
12^1  1821 

-r  -I 
2811  3211 

+  r    +1 
8121  2181 

1281  1821 

+  r    +1 
2SlI  82li 

155.  Other  Oronps. — The  next  group  (23)  has  one  plane  of  symmetry — that 
of  the  horizontal  axes,  and  one  axis  of  trigonal  symmetry — the  vertical  axis. 
There  is  no  center  of  symmetry.  Its  characteristic  forms  are  the  three  types 
of  trigonal  prisms  and  the  three  corresponding  types  of  trigonal  pyramids. 
Of.  Fig.  271. 
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The  last  group  (24)  has  no  plane  of  svmmetry  and  no  center  of  symmetry, 
but  the  vertical  axis  is  an  axis  of  trigonal  symmetry.  The  forms  are  all  hemi- 
morphic,  the  prisms  trigonal  prisms,  and  the  pyramids  hemimorphic  trigonal 
pyramids.  Gf.  Fig.  272.  Neither  of  these  groups  is  known  to  be  represented 
among  crystals. 

Mathematical  Relations  of  the  Hexagonal  System. 

156.  Choice  of  Azii. — Tbe  position  of  the  vertical  cry st Allograph ic  axis  is  fixed  in  all  the 
groups  of  this  system  since  it  coincides  with  the  axis  of  hexagonal  symmetry  in  the  hex- 
agonal division  and  that  of  trigonal  symmetry  in  the  rhombohedral  division.  The  three 
lateral  axes  are  also  fixed  in  direction  except  in  the  normal  group  and  the  subordinate 
hemimorphic  group  of  the  hexagonal  division  ;  in  these  there  is  a  choice  of  two  positions 
according  to  which  of  the  two  sets  of  vertical  planes  of  symmetry  is  taken  as  the  axial  set. 

157.  Axial  and  Angnlar  Elements.— The  axial  element  is  the  length  of  the  vertical  axis,  h. 
in  terms  of  a  lutend  axis,  a  ;  in  other  words,  the  axial  ratio  of  a  :  <^.     A  single  measured 
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angle  (in  any  zone  but  tbe  prismatic)  may  be  taken  as  tbe  fundamental  angle  from  which 
the  axial  ratio  can  be  obtained. 

The  angular  element  is  usually  taken  as  the  angle  between  the  base  e  (0001)  and  the  unit 
pyramid  (1011),  that  is,  0001  a  1011. 

The  relation  between  this  angle  and  the  axis  6  is  given  by  the  formula 

tan  (0001  A  lOil)  X  ^V^  =  i 

I 
The  vertical  axis  is  also  easily  obtained  from  the  unit  diagonal  pyramid,  since  1 

tan  (0001  A  1122)  =  6. 

These  relations  become  general  by  writing  them  as  follows: 

tan  (0001  A  hOhl)  X  ^VS  =  j  X  i; 

tan  (0001  A  h'h'2hl)  =  ^A  x  4. 

In  general  it  is  easy  to  obtain  any  required  angle  between  the  poles  of  two  faces  on 
the  spherical  proiection  either  by  the  use  of  the  tangent  (or  cotangent)  relation,  or  by  the 
floluuon  of  spherical  triangles,  or  by  the  applicaton  of  both  methods.  In  practice  most  of 
the  triangles  used  in  calculation  are  ri^bt-angled. 

158.  Tangent  and  Cotangent  Relations. —-The  tangent  relation  holds  good  in  any  zone 
from  e  (0001)  to  a  face  in  the  prismatic  zone.    For  example: 

tan  (0001  A  hOJtl)  __  h^      tan  (0001  a  h'h'2hD  _  2h 
tan  (0001  A  lOll)  "  I  '       tan  (0001  A  1122)     ""    I  ' 

In  the  prismatic  zone,  the  cotangent  formula  takes  a  simplified  form  ;  for  example,  for  a 
dihexagonal  prism,  AMO,  as  (2lS0): 

cot  (lOiO  A  hkiO)  =  ^^-^j/f ; 

cot  (1120  A  hklO)  =  |^4^^' 

The  sum  of  the  angles  (1010  A  hklO)  and  (1120  a  hklO)  is  equal  to  80'. 

Further,  the  last  equations  can  be  written  in  a  more  general  form,  applying  to  any 
pyramid  {?ikU)  in  a  zone,  first  between  1010  and  a  face  in  the  zone  0001  to  OlIO,  where  the 
angle  between  1010  and  this  face  is  known;  or  again,  for  the  same  pyramid,  in  a  zone 
between  1120  and  a  face  in  the  zone  0001  to  lOlO,  the  angle  between  1120  and  this  face 
being  given.  For  example  (cf.  Fig.  209,  p.  70).  if  the  first-mentioned  zone  is  1010*AA;i/'0lil 
and  the  second  is  1120'Aa;IM011.  then  ! 

cot  (lOiO  A  hkil)  =  cot  (1010  A  Olll) .  ^-j-^, 
and 

cot  (1120  A  hkil)  =  cot  (ll50  A  lOll) .  4^- 

Also  similarly  for  other  zones, 

cot  (lOiO  A  hkil)  =  cot  (lOiO  a  022l) .  ^^^^»  etc 

cot  (1120  A  hkil)  =  cot  (1010  a  202l) .  |i-^,  et«. 
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159.  Other  Angular  Relations. — The  following  simple  relations  are  of  frequent  use: 

(1)  For  a  unit  hexagonal  pyramid 

tan  i  (1011  A  0111)  =  sin  ^Vi,  where  tan  ^  =  ^, 
and  in  general 

tan  i  (hOhl  A  Ohhl)  =  sin  i  Vi,  where  tan  €,  =  ~jh. 

(2)  For  a  diagonal  pyramid,  as  (1122), 

2  sin  i(1122  a  1212)  =  siu  ^,       and       tan  ^  =  ^. 
(8)  For  a  rJamiboliedron 

sin  \  (1011  a  1101)  =  siu  a^\,  where  a  =  (0001  A  irfil); 
in  general 

sin  \  (hOhl  A  hhXii)  =  sin  a.f/j.  where  a,  =  (0001  A  hQhl). 

160.  Zonal  Relatione. — Tlie  zonal  equntious.  described  in  Arts  43.  44.  applv  here  as  in 
other  systems  only  that  it  is  to  be  noted  that  one  of  the  indices  ef erring  to  the  Interal  axes, 
preferably  the  third,  »,  is  to  be  dropped  in  the  calculations  nnd  only  the  other  three  em* 
ployed  Thus  the  indices  (u,  v»  w)  of  the  zoue  in  which  the  faces  (hHl)^  (P^O  1^®  ^^ 
given  by  the  scheme 

9i       k       I       h       k 


I 


XXX  , 

p        q        t        p        q  ' 

where  u  =  iW  —  gi,        v  =  /p  —  A<,        w  =  ^j  —  ifcp. 

For.exaniple  (Fig.  216).  the  face  u  lies  in  the  zone  m»,  1010  1121  and  also  in  the  zone 
f»'y.  Olio  •  •^021.  For  the  first  zone  the  values  obtained  are  :  u  =  0,  v  —  i,  w  =  1;  hence 
for  any  face  in  this  zone  the  relation  k  =  I  holds  true.  Similarly  for  the  second  zone 
e  =  1 ,  /  •=  0,  p  =  —  2,  or  A  =  2i.  Therefore  the  symbol  of  the  given  face  is  given  either 
by  the  scheme 

0       i        1        0       i 
10       2        10 
2  1  1 

-or  from  the  two  equations  k  =  I  and  h  =  21.  The  face  /i  has.  therefore,  the  symbol  2l8l, 
aince  further  t  =  -  (A  -|-  k). 

161.  Formulae. — The  following  formulas  are  sometimes  useful: 

<1)  The  distances  (see  Fig  209)  of  the  pole  of  any  face  {hkll)  from  the  poles  of  the  face* 
(lOlO).  (0110).  (ilOO),  and  (0001)  are  given  by  the  following  equations: 

cos  PA  =  cos  (.*10  (lOiO)  =  ^3,  ^  l;f(,T^'l.  ^  ,,)  • 
cos  PB  =  cos  mi)  (OliO)  =  ^3,^y^'l.^^.)- 
COS  PM  =  cos  {hkU)  (1100)  =  —_ 


V3^  -f  4i«(A*  -f  ^*  +  hk) 


008  PC  =  COS  {hkU)  (0001)  = 
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|/8^  -f  4¥(h*  4-  A«  -f  hk) 


(2)  The  distance  (PQ)  between  the  poles  of  any  two  faces  P  (hkil)  and  (i{pqri)  is  given 
ty  the  equation 

cos  PQ  =  ^*  ■•"  ^^^  +  ^*  +  2^P  +  2*9> 


V[S^  -f  4*'(A«  +  A«  +  AA;)]  [3^  -f-  ^J'Cp*  +  ?» -f  p^)] 


fS)  For  special  cases  the  aboye  formula  becomes  simplitied;  it  serves  to  give  the  value 
of  tne  normal  angles  for  the  several  forms  in  the  system.    They  are  as  follows: 

(a)  Hexagonal  Pyramid  (AOAQ.  Fig.  109: 

--,,       ,     ,,       8M-2W*  „,.       ,,       4A«^  --  8^ 

cos  X  (terminal)  =  3^  ^  ^^> j< ;     cos  Z  (basal)  =  ^  ^  ^,^,. 

(6)  Diagonal  pyramid  (A  ASA-Q.  Fig.  200  : 

P  4-  2^* A*  4^* A*  —  i* 

cos  Y  (terminal)  =  ^  ^  ^,^, ;     cos  Z  (basal)  =  ^rqrjJSA«- 

(0)  i>iA«9a^iiaZ  Pyramid  (AAn/): 

cos  X(see  Pig.  201)  =  3^^^  ^^^^^^  ^>  ^  ;,;^;. 

^.       «u     o/v..      8^ -I- 2^«(2A»  4- 2AA  -  *») 
008  Y(see  Fig.  201)  =  ^.  ^  ^  ^^^  ^  k^ -[- hk)' 

.7  /K      n  -  4<^»(A«  4-  A;'  4  AA;)  -  8^« 

cos  Z  (basal)  -  3^  4-  4^*(A«  4-  A*  4-  A*} ' 

(cT)  Dihexagonal  Prism  {hkiO),  Fig.  197: 

^  .     ,  ,v        A«  +  *•  +  4AAj  V  #^«  n      2A»  +  2AA;  -  1* 

(ti)  BhamboKedron  (lOll). 

8^  —  2A*^* 
cos  X  (terminal)      »  3^  ^  ^^^^^  • 

If)  8eaimohedron  (AMQ: 

™     «.«.      3i«  +  2<K2*«  4.  2AA?  -  A«) 
cos  X  (see  Fig.  242)  =  87m74^*(A«  +  ife«  +  Aifc)' 

xr/      «     n.ox      8J»  4  2<^»(2A»  4  2AA:  -  *«) 
cos  Y  (see  Fig.  242)  =  g^  +  4^»(A«  4  ifc^  +  Aifc) ' 

n  /K     IX  2W4-  A;»  +  4AA;)  -  K» 

cos  Z  (basal)  =  grqr4j»(A«  4.  *«  +  A*) ' 
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I6S.  AaflM.— The  uglei  for  tome  commonly  occurring  prisma  are  given  In  th* 
following  table: 

ffl(loiO. /)  <i(liaO,  *'3} 

8lJ0              f^  8"  67  31°    V 

4150              i-^  10  SSI  10     6i 

8140              i^  18   B4  10     « 

S270              i-i  16     8  18    54 

2l30              f-i  IB     m  10    S8i 

8250              i^  as   34{  S    8S} 

(M^              H  96   IS}  8    40} 


»llel 
Ibe  faces  of  the  fundii mental  tiiod 
itedroD.    Tbe  forms  are  as  follows : 

Tlie  faces  having  tb«  ludices  100,  010, 
001  Bre  tboae  of  the  (plus)  fundamental 
rhombohedroo.  while  the  face  111  U  tbe 
base.  The  faces  321,  122,  212  are  Ibose 
of  tbe  minus  fund ameotal  rbombobedron; 
with  100,  010,  001  they  form  the  unit 
hexagonal  pymmld. 

The  faces  of  Ihe  hexagonal  unit  prfarn, 

m  (1010).  have  the  symbols  2ll,  118,  la!, 

1  211,  lia,  121.     Those  of   llie  second,  or 

diagonal,  heiRgonnl  prism,  a  (llSO),  have 

the    symbols    lOl,    Oil.    110,  101,  Oil, 

lia 

Tbe  dlbexngonal  pyramid  emhracee. 
like  the  simple  hexngniial  pyramid,  two 
forms  (hkt)  ami  (efg):  of  these  Ihe  symbol 
Ihkl)  hence  belongs  to  the  plus  scalenobe- 
drOD,  and  (ffy)  lo  Ihe  minus.  In  ibis  as  In 
other  cases  it  la  Irue  thiit  e  =  2A  +  3*  -  i, 
f=2h-t  +  2i.g=  -h±2k  +  ii.  For 
Biample.  the  faces  210,  201.  031,  130,  103, 
0l2  (Fig.  378)  belong  In  the  Rhombohedral  Division  of  this  system  to  the  scnlenohedron 
(3l3l).  The  Gomplemeiilaiy  minus  scalenohedron  would  have  Ihe  faces  624,  etc.  Tbe 
twenty-four  faces  of  these  twn  forma  taken  together  would  embrace  all  tbe  faces  of  Ihe 
dihexagonal  pyramid  of  Ihe  Hexagonal  Division  (2l6l).  Ct.  Fig.  309,  p.  70,  and  Fig. 
2fi2,  p.  7B.  with  PIb-  273  given  here. 

Similarly  the  dlhexagonal  prism  Includes  the  six  faces  of  the  form  (AM),  and  tbe 
lemainiog  six  of  the  form  (^0). 

It  is  seen  at  ooce  that  the  Indices  given  above  are  those  of  the  Isometric  system,  where 
the  cube  corresponds  to  a  rhomtrahedron  of  90°;  the  projection  of  Fig.  110,  p.  41.  is  brought 
Into  reiaiion  with  the  above  if  ao  octabednil  axis  Is  placed  vertical. 

The  inconvenience  of  having  the  faces  of  the  same  form  (e.g.,  the  dlbexngonal  prism  or 
pyramid  of  beryl)  represented  by  two  aelsof  indices  is  obvious,  and  this  method,  intniduced 
by  Miller,  is  now  seldom  employed.  Thix  objection,  however,  disappears  if  the  axes  iind 
Indices  descril)t!d  are  used  for  rhombobedTai  forme  only,  that  Is,  for  forms  belonging  to  the 
groups  which  aie  characterized  by  a  vertical  axis  of  trigonal  symmetry.  This  is  tbe 
method  adopted  by  Qroth  (1895).  It  is  believed  by  the  author,  however,  that  the  mutual 
reiatloiis  of  all  the  groups  of  both  divisions  of  tbe  hexagonal  system  among  themselves  (as 
also  to  tbe  groups  of  the  tetragonal  system),  bolb  morpbological  and  physical,  are  best 
brought  out  by  keeping  throughout  the  same  axes,  namely,  those  of  Hg.  Iw,  Art.  115. 
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IV.  ORTHORHOMBIC  SYSTEM. 

164.  The  Orthorhombic  System  includes  all  the  forms  which  are  referred 
to  three  unequal  axes  at  right  angles  to  each  other. 

Of  these  axes  the  shorter  lateral  axis,  or  brachy-dxis,*  is  represented  hy  the 
letter  d,  the  longer  lateral  axis,  or  macro-axis,  hy  h,  and  the  vertical  axis  by  i 
(of.  Fig.  275).    In  the  statement  of  the  axial  ratio  h  is  uniformly  taken  as  the  *" 
unit. 

1.  NORMAL  GEOUP  (25).  BAEITE  TYPE. 

165.  Symmetry. — The  forms  of  the  normal  group  of  the  orthorhombic 
system  are  characterized  by  three  unlike  planes  274. 

of  symmetry,  at  right  angles  to  each  other,  and 
furtner,  coincident  with  their  intersection-lines, 
there  are  three  axes  of  binary  symmetry,  which 
directions  are  also  those  of  the  crystallographic 
axes.  These  axes  are  consequently  fixed  in 
position  by  the  symmetry,  but  any  one  of  them 
may  be  made  the  vertical  axis. 

The  symmetry  of  the  ffroup  is  exhibited  in 
the  accompanying  spherical  projection.  Fig.  274. 
This  should  be  compared  with  Fig.  69  (p.  33) 
and  Fig.  148  (p.  53),  representing  the  symmetry 
of  the  normal  groups  of  the  isometric  and  tetrag- 
onal systems  respectively.    It  will  be  seen  that 

ivhile  normal  isometric  crystals  are  developed  alike  in  the  three  axial  direc- 
tions, those  of  the  tetragonal  type  have  a  lise  development  only  in  the  direc- 
tion of  the  two  lateral  axes,  and  those  of  the  orthorhombic  type  are  unlike  in 
the  three  axial  directions.  Compare  also  Figs.  70  (p.  34),  149  (p.  54),  and  275 
(p.  90). 

166.  Forms. — The  various  forms  possible  in  this  group  are  as  follows : 

Naumann. 

00  P  »  or  i-i,  a 


Miller. 

1.  Macropinacoid  or  (        n(\f\\ 

a-pinacoid  [  --'(^w) 

2.  Brachypinacoid  or  )      .^^^^ 

6-pinacoia  J      ^      ' 

3.  Base  or  (;-pinacoid (001) 

(Unit  prism (110) 

4.  <  Macroprisms . . . (hkO)  h>k 

(  Brachy prisms .  ,{hkO)  h<k 

5.  Macrodomes (JtOl) 

6.  Brachydomes (Okl) 

{Unit  pyramids (hhl) 
(111) 
Macropyramids  {hkl)  h>k 
Brachypyramid8(AW)/i  <  k 


&  :  coi  :  cod 

cod  :h  :  00 (J 

cod  :  CD h:  6 

d  :h  :cod 
d  :nh  :  oo  6 

nd  :h  :  cod 

d  :  coh  :md 

cod  :h  :mi 

d  :h :  mi 
a  \h:i 
d  :nb  \  mi 

7id  :h :  mi 


00  P  c2  or  i-i,  b 

OP  or  0,  c 

00  P  or  7,  w 
00  Ph  or  i'h,  as  (210)  i-S 

00  Pn  or  t-w,  as  (120)  i-2 

wPoo  or  m-i,  as  (201)  2  i 

mPob  or  m-t,  as  (021)  2-1 

mP  or  my  as  (221)  2 
Por  1 
mPn  or  m-n,  as  (211)  2-2 

mPn  or  m-n,  as  (121)  2-2 


*  The  prefixes  brachy-  and  macro-  used  in  this  avstem  (and  also  in  the  triclinic  system) 
are  from  the  Greek  words  fipaxvi,  s?tort,  and  naK/J6?f  long. 
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Id  g  Deral,  ns  defined  on  p.  26,  a  pinaeaid  is  a  form  whose  faces  are  parallel  to  two  of 
the  axes,  that  is.  io  an  axial  plane ;  a  prinn  is  one  whose  faces  are  parallel  to  the  Tcrtical 
axis,  hut  iuterheci  the  two  lateral  axes;  adome*  is  one  whose  faces  are  parallel  to  one 
of  the  la! era]  axes,  but  intetsect  in  tlie  yirtical  axis.  A  dome  is  sometimes  called  a  horiaantai 
prism;  a  pyramid  is  a  form  whose  faces  meet  all  the  three  axes. 

These  terms  are  used  in  the  above  sense  not  only  in  the  orthorhombic  system,  but  also 
in  the  monocliuic  and  triclinic  systems  ;  in  the  last  each  form  consist  of  two  planes  only. 

167.  Finaooidfl. — The  macropinacoid  includes  two  faces,  each  of  which  is 
parallel  both  to  the  macro-axis  h  and  to  the  yertical  axis  i'y  their  symbols  are 
respectively  100  and  TOO.  This  form  is  uniformly  designated  by  the  letter  a, 
and  is  conveniently  and  briefly  called  the  a-pinacoid. 

The  brack  1/pinacoid  includes  two  faces,  each  of  which  is  parallel  both  to 
the  brachy-axis  a  and  to  the  vertical  axis  6  ;  thejr  have  the  symbols  010  and 
OlO.     Tills  form  is  designated  by  the  letter  b  ;  it  is  called  the  b-pUiacoid. 

The  base  or  basal  pinavoid  includes  the  two  faces  parallel  to  the  plane  of 
the  lateral  axes,  and  having  the  symbols  001  and  OOl.  This  form  is  designated 
by  the  letter  c  ;  it  is  called  the  c-ptnacoid. 

Each  one  of  these  three  pinacoids  is  an  open-form,f  but  together  they 
make  the  so-called  diametral  prism,  shown  in  Fig.  275,  a  solid  which  is  the 
analogue  of  the  cube  of  the  isometric  system.  Geometrically  it  cannot  be 
distinguished  from  the  cube,  but  it  differs  in  having  the  symmetry  unlike  in 
the  three  axial  directions ;  practically  this  may  be  shown  by  the  unlike 
physical  character  of  the  faces,  a,  b,  c,  for  example  as  to  luster,  striations,  etc.; 
or,  again,  by  the  cleavage.  Further,  it  is  proved  at  once  by  optical  properties. 
This  diametral  prism,  as  just  stated,  has  three  pairs  of  unlike  faces.  It  has 
three  kinds  of  edges,  four  in  each  set,  parallel  respectively  to  the  axes  d,  2, 
and  6  ;  it  has,  further,  eight  similar  solid  angles.  In  Fig.  275  the  dimensions 
are  arbitrarily  made  to  correspond  to  the  relative  lengths  of  the  axes,  bnt  the 
student  will  understand  that  a  crystal  of  this  shape  gives  no  suggestions  as  to 
these  values. 
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168.  Prisms.— The  prisms  proper  include  those  forms  whose  faces  are 
parallel  to  the  vertical  axis,  while  they  intersect  both  the  lateral  axes;  their 
general  symbol  is,  therefore,  (hkO),  These  all  belong  to  one  type  of  rhombic 
prism,  in  which  the  interfacial  angles  corresponding  to  the  two  unlike  vertical 
edges  have  different  values. 

The  unit  prism,  (110),  is  that  form  whose  faces  intersect  the  lateral  axes  in 
lengths  having  a  ratio  corresponding  to  the  accepted  axial  ratio  of  d:h  for  the 
given  species;  in  other  words,  the  angle  of  this  unit  prism  fixes  the  unit 
lengths  of  the  lateral  axes.     This  form  is  shown  in  combination  with  the  basal 

*  From  the  Latin  domu»,  because  resembling  the  roof  of  a  house ;  cf.  Figs.  2T9,  280. 
t  See  p.  25. 
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pinacoid  in  Fi^.  376;  it  is  aniformly  deeignated  bv  the  letter  m.    The  four 
faces  of  the  unit  prism  have  the  BjmboU  110,  IlO,  llo,  llO. 

The  macroprisms  lie  between  the  macropinacoid,  «(100),  and  the  unit 
prism  m  (110),  and  consequently  for  them  the  ratio  of  A  to  X;  is  greater  than 
1:1;  in  other  words,  the  ratio  of  the  intercepts  on  the  azes  h  and  d  is  greater 
than  that  for  the  unit  prism.  Common  forms  have  the  symbols  (41u),  (310), 
(210),  (320),  (430),  etc.,  given  in  order  from  100  toward  110;  cf.  the  spherical 
projection  of  Fig,  303.  I'he  face  I  of  Fig,  277  is  the  macroprism  (2lU);  for 
this  form  the  axial  intercepts  (see  the  basal  projection.  Fig.  378)  are  in  the 
ratio  of  id:  ih,  or  Id:  2i;  a  eimilar  relation  holds  for  the  other  forms  (410),  etc 


lo  Ad     in     oe    10  j  i» 
mi        »        I      rh    i    « 


The  brachppriums  lie  between  the  unit  prism  and  the  brachypinacoid 
b  (010),  and  consequently  for  them  the  ratio  of  the  first  two  indices  is  less 
than  1: 1,  or  tite  ratio  of  the  intercepts  on  h,  d  is  less  than  that  of  the  unit 

Erism.  Common  forms  are  (340),  (330),  (130),  (130),  given  in  order  from  110 
)ward  010.  For  the  form  n  (120),  shown  in  Figs.  277,  278,  the  aiial  inter- 
cepts are  in  the  ratio  of  lif :  ji,  or  2d:h.  Other  examples  of  these  prisms  are 
given  later  (see  Figs.  296-299). 

In  Naurannn's  sftnbnii  tlie  Dumber  n,  the  multiple  of  tbe  UIctbI  ails,  la  alwayit  mude 

rater  than    unity.     Hence  wliile  tbe  uwcrupriini,   I,  cf  Fig.  277  ban  ilje  full  symtnl 
2i  :  oD  i,  or  briedy  os  P2  (or  i-§).  tbe  brachypriaui  Is  written  2u  :  S  :  m  i.  or  id  PS  (or  i-8). 


166.  Hacrodomea,  Braobydomet. — The  macrodomes  are  forms  whose  faces 
are  parallel  to  the  macro-axis,  S,  while  they  intersect  the  vertical  axis  i  and 
the  lateral  axis  d;  hence  the  general  symbol  is  (hOl).  The  angle  of  the  unit 
macrodome,  (101),  fixes  the  ratio  of  the  axes  d;i.  This  form  is  shown  in 
Fig.  279  combined  (since  it  is  an  open  form)  with  the  bracbypinacoid. 

In  the  macrodome  zone  between  the  base  c  (001)  and  the  macropinacoid 
a  (100)  there  may  be  n  large  number  of  macrodomes  having  the  symbols, 
taken  in  the  order  named,  (103),  (102),  (203),  (101),  (302),  (201),  (301),  etc. 
Cf.  Figs.  208  and  302  described  later. 

The  hrachydomeg  are  forms  whose  faces  are  parallel  to  the  brachy-azis,  &, 
while  they  intersect  the  other  axes  i  and  h;  their  general  symbol  is  (Qkl). 
The  angle  of  the  unit  brachydome,  (Oil),  which  is  shown  with  a  (100)  in 
Pig.  280,  determines  the  ratio  of  the  axes  h:i. 

The  brachydome  zone  between  c(OOl)  and  6(010)  includes  the  forms 
(013),  (012),  (023),  (Oil),  (032),  (031),  (031),  etc.     Cf.  Figs.  298  and  302. 
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Both  sets  of  domes  are  often  spoken  of 'as  horizontal  prisms.  The 
propriety  of  this  expression  is  obvious,  since  they  are  in  fact  prisms  in 
geometrical  form;  further,  the  choice  of  position  for  the  axes  which  makes 
them  domes,  instead  of  prisms  in  the  narrower  sense,  is  more  or  less  arbitrary^ 
as  already  explained  elsewhere. 


279. 


280. 


281. 


\       Id 

« 

, / 

§ 

170.  P3rramid8. — The  pyramids  in  this  system  all  belong  to  one  type,  the 
double  rhombic  pyramid,  bounded  by  eight  faces,  each  a  scalene  triangle.  Thia 
form  has  three  kinds  of  edges,  X,  Y,  Z  (Fig.  281 ;  cf .  also  Fig.  290),  each  set 
with  a  different  interfacial  angle;  two  of  these  angles  suffice  to  determine  the 
axial  ratio.     The  symbol  for  this,  the  general  form  for  the  system,  is  (hkl). 

The  pyramids  fall  into  three  groups  corresponding  respectively  to  the 
three  prisms  just  described,  namely,  unit  pyramids,  macropyramids,  and 
brach  y  py  ram  id  s. 

The  unit  pyi-amids  are  characterized  by  the  fact  that  their  intercepts  on 
the  lateral  axes  have  the  same  ratio  as  those  of  the  unit  prism ;  that  is,  the 
assumed  axial  ratio  {&:  I)  for  the  given  species.  For  them,  therefore,  the  gen- 
eral symbol  becomes  {hhl). 

For  different  unit  pyramids  on  crystals  of  the  same  species  the  vertical 
axes  may  have  different  lengths  bearing  usually  some  simple  numerical  ratie 
to  each  other  (and  always  commensurate),  and  these  form  a  zone  of  faces  lying 
between  the  base  c  (001)  and  the  unit  prism  m  (110).  This  zone,  for  example 
as  shown  in  the  basal  projection  of  a  sulphur  crystal  given  in  Fig.  302^ 
includes  the  forms  ^  (119),  « (117),  ^  (115),  o  (114),  5  (113),  y  (112),  jp  (111). 
Cf.  also  Fig.  66,  p.  30,  of  the  same  species,  and  the  spherical  projection,. 
Fig.  303.  In  the  symbol  of  all  of  the  forms  of  this  zone  h  =  k,  and  the 
lengths  of  the  vertical  axes  are  hence,  in  the  example  given,  ^,  \,  ^,  J,  |,  1  of 
the  vertical  axis  i  of  the  pyramid  p  (Fig.  290),  which  in  this  species  is  taken 
as  the  unit  pyramid.     The  axial  ratio  for  sulphur  is  given  on  p.  22. 

The  macropyramids  and  brachypyramids  are  related  to  each  other  and  to 
the  unit  pyramids,  as  were  the  macroprisms  and  brachyprisms  to  themselves 
and  to  the  unit  prism.  Further,  each  vertical  zone  of  macropyramids  (or 
brachypyramids),  naving  a  common  ratio  for  the  lateral  axes  (or  of  h:  k  in 
the  symbol),  belongs  to  a  particular  macroprism  (or  brachyprism)  characterized 
by  the  same  ratio.  Thus  the  macropyramids  (214),  (213),  (212),  (421),  etc., 
all  belong  in  a  common  vertical  zone  between  the  base  (001)  and  the  prism 
(210).  Similarly  the  brachypyramids  (123),  (122),  (121),  (241),  etc.,  fall  in  a 
common  vertical  zone  between  (001)  and  (120).  Cf.  Fig.  299,  where  u  and  a 
are  the  brachypyramids  (134),  (131),  falling  in  the  same  vertical  zone  as  the 
brachyprism  a(130).  See  also  the  basal  projection.  Fig.  302,  and  the 
spherical  projection.  Fig.  303,  both  of  sulphur,  noting  the  relation  of  the 
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macropyramid  (315)  to  the  macroprism  (310)  and  the  brachypyramids  (135), 
(133),  (131)  to  the  brachypriam  (130). 

171.  nioBtrations.— The  followiDg  figures  of  barite  (282-289)  give  excellent 
illustrations  of  crystals  of  a  typical  orthorhombic  species^  and  show  also  how 
the  habit  of  one  and  the  same  species  may  vary.  The  axial  ratio  for  this 
species  is  given  on  p.  96.  Here  d  is  the  macrodome  (102)  and  o  the  unit 
brachydome  (Oil);  m  is,  as  always,  the  unit  prism  (110).    Figs.  282-285  and 
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288. 
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289. 


Barite  Crystals. 

287  are  described  as  tabular  ||  c;  Fig.  286  is  prismatic  in  habit  in  the  direction 
of  the  macro-axis  (h),  and  288,  289  prismatic  in  that  of  the  brachy-axis  (df). 
Figs.  290-294  of  native  sulphur  show  a  series  of  crystals  of  pyramidal 
habit  with  the  unit  domes  «(101),  w  (Oil),  and  the  unit  pyramids  p  (III), 
<»(113).'  Note  that  0  and  n  truncate  respectively  the  terminal  edges  of  the 
fundamental  pyramid  p.  In  general  it  snould  be  remembered  that  a  macro- 
dome  truncating  the  edge  of  a  pyramid  must  have  the  same  ratio  of  h:l;  thus, 
(201)  truncates  the  edge  of  (221),  etc.  Similarly  of  the  brachydomes:  (021) 
truncates  the  edge  of  (221),  etc.    Cf.  Figs.  302  and  303. 
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Sulphur  Crystals. 

Again,  Fig.  295,  of  staurolite,  shows  the  pinacoids  b  (010),  c  (001),  the  unit 
prism  m  (110),  and  the  unit  macrodome  r  (101). 

Figs.  296-298  are  prismatic  crystals  of  topaz.  Here  m  is  the  unit  prism 
(110);  /  and  n  are  the  brachyprisms  (120),  (140);  rfand  p  are  the  macrooomes 
(201)  and  (401);  /and  y  are  the  brachydomes  (021)  and  (041);  i,  u,  and  o  are 
the  unit  pyramids  (223),  (111),  (221). 
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In  Fig.  399,  of  iolite,  «  and  r  are  the  unit  pyramids  (112),  (111);  cf  is  the 
bracbypriBm  (130),  and  u,  o  are  the  correBpouding  brachypyramids  (134), 
(131).  Fig.  300,  of  brookite,  eimulatee  a  tetragonal  crystal  since  the  prismatic 
angle  is  not  yery  far  from  90°;  here  z  =  (112).  In  Fig.  301  of  the  same 
species,  e  is  the  bracbypyramid  (132);  tbis  crystal  doEely  resembles  an 
hexagonal  pyramid  with  its  ails  placed  norizontal  since  the  angles  nie  (110  A 
132)  and  ee'  (133  A  I23)  are  approximately  equal. 
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172.  Frojeotlona.—  Basal  and   spbei'ical   projections  of  a    typical    ortho- 
—  rhombic  species  have  already  been  given  in  Figs. 

63  and  65  on  pp.  27,  28.  The  subject  is  so  im- 
portant, however,  that  others  are  given  here 
(Figs.  302,  303)  for  the  species  snlphnr,  ef. 
Figs.  290-294,  also  Fig,  66.  p.  30.  In  Fig.  303 
besides  the  pinacoids  a  (100),  fi  (010),  c(OOl),  the 
positions  of  the  prisms*  (310),  w  (110).  (130)  are 
sliown;  the  macrodomes  w(103),  e(lOl)  and  the 
bracbydomes  t'(013),  n  (Oil);  the  remarkable  zone 
of  nnit  pyramids  ^/  (119),  (a(117),  /  (115),  o  (114), 
a  (113),  y  (112),  p(lll);  finally  the  macropyraniid 
/?  (315)  and  the  brachypyramids  z  (13.i)  and  ^  (133). 
Both  projections   exhibit    clearly    the    symmetry 


ORTHOfiHOHBIC   BTST21C.  95- 

characteristic  ot  the  group;  the  prominent  zones,  already  spoken  of,  should 
also  be  noted. 


2.  HEMIMORPHIC   GROUP  (26).     CALAMINE   lYPE. 

173,  Symmetry  and  Typical  Forms. — The  rorme  of  the  nrthorhomhic-hemi' 
morphic  gronp  are  characterized  by  two  unlike  planes  of  symmetry  and  one 
■  axis  of  binary  symmetry,  the  line  in  which  they  ^ct. 

intersect;  there  is  no  center  of  synimetrv.  The 
forms  are  therefore  hemimorphic,  as  defined  in 
Art.  29,  For  example,  IT,  as  is  nnually  the  case, 
the  vertical  axis  ia  made  the  axis  nf  symmetry,  the 
two  planes  of  symmetrv  are  narallei  to  the  pina- 
coids  a  flOO)  and  h  {010).  The  prisms  are  then 
geometrically  like  those  of  the  normal  jfroiip.  aa 
are  also  the  manropinacoid  and  brachypinacoid  ; 
bnt  the  two  basal  planes  become  two  independent 
forms,  foot)  and  (OOl).  There  are  also  two  macro- 
domes,  (101)  and  (lOT),  or  in  general  (SO/)  and 
(ApO;  and  similarly  two  sets,  for  a  given  symbol, 
of  brachydomes  and  pyramids. 

The  general  symmetry  of  the  group  is  shown  in  the  spherical  projection  ot 
Fig.  304.     Further,  Figa.  305,  306,  of  calamine,  and  307,  of  stnivite,  represent 
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typical  cry8t.al8  of  this  group.     In  Figs.  305, 306  the  forms  present  are  t  (3Clj 
s  (101),  i  (031),  e  (Oil),  V  (Vil) ;  iu  Fig.  307  they  are  «  (101),  s,  (lOl),  ^  (Oil] 
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.  SPHENOIDAL  QEOHP  (S7).   EPSOMITB  TYPE. 
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I  complementary  forms,  bnt 


174.  Symmetry  aod  Typical  Fonui. — The  forma  of  the  remaining  gronp  of 
theeyatem.theorWiorftomWc-spftenoi-  308. 

dal  group,  are  characterized  by  three 
unliKe  rectangular  axes  of  oinary 
symmetry,  but  they  have  no  plane 
xnd  no  center  of  symmetry  (Fig.  308), 
The  general  form  hkl  here  haa  four 
faces  only,  and  the  corresponding       . 

solid  is  a  rhombic  sphenoid,  analo-  9»f- 

gonstothe  sphenoid  of  the  tetragonal       '^ 
system.     The   complementary  plus        \ 
and  minus  sphenoids  are  enantio-         \ 
morphous.     Fig.  309   represents  a  \ 

typical  crystal,  of  epsomite,  with  the 
plusBphenoid,i(lll).  Othercrystals 
of  this  species  often  show  both  plus  and  1 
usually  unequally  developed. 

Mathbhaticai,  Relations  or  thb  Obthorhombic  BrsTKU. 

1TB.  ChelM  at  Asm.— Ai  expl&ined  la  Art.  ICS,  the  thi«e  cr^tUIIograpblc  axes  are  Bxed 

«s  regiirds  direciiun  in  all  ortlio rhombic  crystklB.  but  uiy  one  of  them  mar  be  made  the 
vertical  axis,  i;  and  of  the  two  lateral  axes,  which  is  the  loDger  (£)  and  which  the  Sorter 
(li)  caunni  be  deterin<[ied  until  it  Is  decided  wblcti  faces  to  lusume  as  the  fundameatal,  or 
unit,  pyramid,  piisia,  or  domes. 

The  clioice  is  generally  so  made,  In  a  given  case,  as  to  best  bring  out  the  relation  of  the 
crystals  of  the  species  In  hand  10  othen  allied  lo  them  in  form  or  In  chemical  compoedtioa,  or 
in  both  respects;  or,  so  as  10  make  Ibe  cleavage  parallel  to  the  fundamental  form;  or,  aa 
suggested  by  Ibe  common  habit  of  the  crystals,  or  other  conaideiatione. 

176.  Axial  and  Angalar  £Um«nt*  — The  axial  elementt  are  given  by  the  tatio  of  the 
lengths  of  the  three  axes  In  terms  of  the  macro-axis,  b,  as  unity.  For  example,  with  barlt* 
the  axial  ratio  Is 

d:S:i  =  0-81BaO:l:l-818W. 

the  angles  belween  the  three  pinacolds  and 
Thus,  again  for  barite.  these  elements  an 
100  a  110  =  89' 11' Iff'.    001  A  101  =  68- 10' 88'.    001  A  Olt  =  S2*  «"  B". 
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Two  of  ibese  angles  obviously  deiermiue  tUe  third  nugle  iis  well  u  the  szlal  miio.  Tha 
(legreu  o(  tuxunuty  to  be  atltmpled  iu  tbe  stniemeoL  ot  ibe  axlul  ruliu  depeniU  upon  tbe 
cburacler  of  tbe  fuiidHineniul  nieaauntiieDUfroiuwbich  tlib  niliu  bsibi.«Q  dvdiii.'ed.  Titers 
is  110  gOiHl  leaauii  fur  giving  Ihe  vulueB  ot  li  aud  i  to  muu;  decinia]  pliiceB  It  tbe  pniUibli* 
error  of  ibe  luiiuiii'eineiiU  amouQis  10  1QH117  mbiuieg.  iu  ibe  above  cams  ilie  nieuiiremvuts 
(by  Helmliscker)  iirL-  siipposeit  10  be  ticcurato  wittiiu  a  few  Hwoiids.  It  JB  coDveiiieiit,  how- 
ever. 10  buvu  till'  angular  eli-meau  coriett.  My,  within  10",  so  tbat  the  culciildted  angles 
obiBlui^d  fnitn  iheiii  will  uot  vary  from  tboee  derived  direct  from  tbe  meiisured  i.ug.0H  by 
more  Iban  BO"  1i>  1'. 

177.  OalooUtlDD  of  tha  Axm.— Tbe  followlug  ibnple  rclatioDS  (cf.  An.  46}  connect  tba 
aZiS  wllb  ibu  angular  elL-meuls: 

tan  (100  A  110)  =  d,    tan  (001  A  Oil)  =  i,    tan  (001  A  101)  =  |. 

Tlicse  rqualions  ecrve  to  give  either  Ibe  niea  from  Ibe  aegiilar  elements,  or  Ibe  angular 
«Iemeiibi  fruiii  I  he  iixes.  It  h[I1  be  DOieil  that  theaxee  are  nut  needed  forslinplu  puriHwea 
of  caleulalbin.  but  it  la  atlll  Inipurliint  tu  bavo  theui.  fur  exikuiple  to  use  iu  t^uipurbig  Ibe 
morphiilugU-ai  reliiti^ut  of  tdlieil  spucli-s. 

In  i>niL-li('u  It  Is  L-nsy  10  pass  from  Ibe  meaaured  angles,  asaumed  ns  tbe  basis  of  calciilklkin 
(or  diiliiciril  from  ihu  oliseiviitlotiB  by  ibc  inetlnxl  of  least  BqiiiireB),  lo  the  anguliir  elemenlt, 
or  from  either  Iu  any  other  angles  bv  the  ap|ilIcntioii  ut  the  laugeiit  prlnriple  (Art.  47)  lo 
the  pitiiic<>I<lal  zones,  and  by  Ibo  solullou  ol  tbe  rigbt-augled  spbericul  triangles  given  on 
tbe  sphere  of  projection. 

Thiu nny  fine /ikl (n-c  p.  38)  lies  in  tbe  llirce  ptnncoldnl  zonca,  100  and  Okl.  010 nnd  AOL 
001  and  hkO.  For  example,  the  poslriim  ot  the  face.  831,  la  bxed  if  the  positions  of  two  of 
tbe  poles,  801,  VH,  8:)0,  are  knovru.    These  lust  are  given,  respectively,  by  ibe  i-quaiiout 

teo  (001  A  801)  =  8  X  tan  (001  a  101),    Ian  (001  A  OQl)  =  3  X  tnn  (001  A  Oil), 
tun  (100  A  S20}  =  I  X  tao  (100  A  110). 


W    (353  A  853)  =  03*    1'  0". 
TJ?"  (853  A  363)  =  09'  SQ*  0". 

Hcnre.  Ibe  ilnglea  851  a  010  =  40*  lOJ'  and  853  a  038  =  S7*  SOf  ure  known 
nttliout  calculation.  The  right-ntifiTeJ  Bphericol  Iriiingie*  010-05:1-858 ylelda 
tbe  nngle  (010  a  053)  and  hence  (001  a  053);  also  ibe  nogle  nt  010,  wlilcb  Is 
equal   to   (001  a  101).      But   Ian    (001  a  Oil)  =  |  X  laQ  (001  a  058).    oud 

tan  (001  A  Oil)  =  i.     Also  Uacc  Ian  (001  A  101)  =  t,  the  axial  ratio  is  Ibua 

known,  nnd  two  of  Ibe  nnmilnr  dement'. 

Thelbinl  ant'ulur  clement  (001  A  110)  can  be  calculated  Inilcpeudently,  for 
lie  ancle  at  001  in  tbe  triangle  OOIOSS  858  is  eqiiul  to  (010  A  i!00)  and 
loulOlO  ASnO)Xt  =  'OI0  A  110).  IbocompIeiiM-ntof  (100  a  110). 

Then  since  inn  (100 /\  ]10)  =  d,  thtscan  Ite  lueil   10  check  Ibe  value  of  i 
nlrctiily  obtained.     Tliofnrlbcr  use  of  the  tangent  principle  with  the  occnstonul 
•ollltton  of  a  rightangled   Irinngle  will  eerve  to  give  any  desired  ungle  from  either  the 
fuudunieotal  angle*  direct,  or  from  tbe  nngnlitr  elements. 

Agnin,  Ibe  aymliol  of  any  iitiknowii  fnce  ran  be  readily  calculated  If  two  measured 
■Dg'es  of  f  ilenible  accuracy  are  ul  baud.  For  cinmple,  fur  the  fuco  m,  suppose  the 
measured  uugles  to  be 

6a»  (010  A  hkl)  =  80'  15',    uoi'  (hkl  Ahkl)  =  Sl'  82'. 
Tbe  lohitioD  of  tbe  Irlanglo  b-M-OkC  giTea  the  angle  (010  a  Ott)  =  16*  25'  SO",  and 
tan  (Oni  A  0*ft  _  tan  73-  841'  _  _k 

tan  (001  A  Oil)  -  Ian  48*  SOJ'  -«'«»+•-  f 


•  The  student  In  this  m  In  every  similar  ca«e  sboiild  dmw  a  spherical  projectinn  (not 
iMce«siirily  accurately  constructed)  to  show,  If  only  upproxlmnlely,  tbe  lolatire  position  of 
the  faces  preaeuL 
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But  the  ratio  o(  k:  I  must  be  ratioual  and  the  number  derived  agrees  most  closely  with 
10:3. 

Again,  the  angle  (001  a  hOl)  may  now  be  calculated  from  the  same  triangle  and  the 
▼alue  59'  38|'  obtained.    From  this  the  ratio  of  /i  to  ^  is  derived  since 


tan  (001  A  ^0/)  _  Un^9-  88f '  _..«««_  ^ 
tun  (001  A  101)  ~  tan  46'  43J'  "  ~  I' 


This  ratio  is  nearly  equal  to  5 :  3,  and  the  two  values  thus  obtained  eive  the  symbol  5*10*8. 
If,  however,  from  the  triangle  QOi'Okl  oo,  the  angle  at  001  is  calculated,  the  value  2d*  42f' 
is  obtained,  which  is  also  the  angle  (010  a  hkO).    From  this  the  ratio  ^  :  A;  is  deduced,  since 

tau  (010  A  110)  _  tan  45'*  12y  _  _  * 

tan  (010  A  AAK))"  tan  gft"  43J'  -  -*  ""-^  -  z^- 

The  value  of  r  is  hence  closely  equal  to  2;    this  combined  with  that  first  obtained 


t'^ 


gives  the  same  symbol  5*  10*3. 


This  symbol  being  more  than  usually  complex  ©ills  for  fairly  accurate  measurements. 
How  accurate  the  symbol  obtained  is  can  best  be  judged  by  comparing  the  measured  angles 
with  those  calculated  from  the  symbol.  For  example,  in  the  given  case  the  calculated  angles 
for  CO  (o  10  3)  are  boo  (010  A  510-3)  =  30"  16 ,  oooo'  (510  3  A  SlO'S)  =  51*  85'.  The  correct- 
ness of  the  value  deduced  is  further  established  if  it  is  found  that  the  given  face  falls  into 
prominent  zones. 

It  will  be  understood  further  that  the  zonal  relations,  explained  on  pp.  29.  80,  play  nh 
important  part  in  all  calculations.  For  example,  in  Fig.  310,  if  the  symbol  of  r  were  un- 
known, it  could  be  obtained  from  a  single  angle  (as  br),  since  for  this  zone  h  =  I. 

179.  Formulas. — Although  it  is  not  often  necessary  to  employ  formulas  in  calculations, 
a  few  are  added  here  for  sake  of  completeness. 

(1)  For  the  distance  between  the  pole  of  any  face  P  (hkl)  and  the  pinacoids  a,  b,  e,  we 
have  in  general : 

COS.  P<,  =  COS.  (A« A 100)  =  ;,.^,fX+w' 

COS.  Pft  =  COS.  (A*i  A  010)  =  y,.^g°g!qrw; 

cos»  Pc  =  cos»  (m  A  001)  =  ;^v4-A;«aV-f  W 

Here  a  and  c  In  the  formulas  are  the  two  axes  a  and  h. 

(2)  For  the  distance  (PQ)  between  the  poles  of  any  two  faces  {Iikt)  and  (pqr): 


V.  MONOCLINIC  SYSTEM. 

180.  The  MoNOCLTNic  System  includes  all  the  forms  which  are  referred 
to  three  unequal  axes,  having  one  of  their  axial  inclinations  oblique. 

The  axes  are  designated  as  follows:  the  inclined  or  clinodiagonal  axis  is 

d;  the  orthodiagonal  axis  is  J,  the  vertical  axis  is  d.    The  acute  angle  between 

the  axes  a  and  d  is  represented  by  the  letter  /3;  the  angles  between  a  and  ^awi 

i  and  i  are  right  angles.     See  Fig.  312.     Crystals  are  usually  drawn  with  the 
axis  d  vertical  and  the  axis  a  directed  to  the  front  and  inclined  downward.     ; 
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1.  NORMAL  GROUP  (28).    GYPSUM  TYPE. 

181.  Symmetry. — In  the  normal  group  of  the  monoclinic  system  there  is 
322  one  plane  of  symmetry  and  one  axis  of  binary 

symmetry  normal  to  it.  The  plane  of  symmetry 
is  always  the  plane  of  the  axes  a  and  d,  and  the 

axis  of  symmetry  coincides  with  the  axis  b,  normal 

to  this  plane.  The  position  of  one  axis  {6)  and 
that  of  the  plane  of  the  other  two  axes  (a  and  6)  is 
thus  fixed  by  the  symmetry;  but  the  latter  axes 
may  occupy  different  positions  in  this  plane.  Fig. 
311  shows  the  typical  spherical  projection,  pro- 
jected on  the  plane  of  symmetry.  Fig.  327  is  the 
projection  of  an  actual  crystal  of  epidote;  here,  as 
IS  usual,  the  plane  of  projection  is  normal  to  the 
prismatic  zone. 

182.  Fonns. — The  various  forms*  belonging  to 
this  group,  with  their  symbols,  are  given  in  the  following  table.  As  more  par- 
ticularly explained  later,  an  orthodome  includes  two  faces  only,  and  a  pyramid 
four  only. 


MUler. 


'•^SST'"} w  '^-^-'^ 


2.  Clinopinacoid  or  )  ^010^ 

5-pinacoid         ) ^      ' 

3.  Base  or  c-pinacoid (001) 

f  Unit  prism  (110) 

^-    j  Orthoprisms (hkO)  h>k 

^  Olinoprisms (hkO)  h  <k 


j  (7*0/) 
I  (hi 


5.  Orthodomes ,,   „ 

{hOl) 

6.  Olinodomes ...  {Okl) 

Unit  pyramids j  W 


7.   < 


Orthopyramids.  j  j|*Jh>* 
Clinopyramids .  j  Q^f}h<k 


Goi  :  coo  :i 

d  :o :  coi 
d  :nt :  cod 
nd  :o  :  CO  i 

d  :  co$  :md 
d  :coo  :  -mi 

cod  :o  \m6 

d  :i  :mi 
d  \h  i  —mi 
d  :n6  :md 
d  :nt :  -mi 
nd  :h  imi 
nd  :i  :  -mi 


NaumaDD. 
00  P65  or  f-i,  a 

CO  P66  or  t-i,  b 

OP  or  0,  c 

coP  or  I,m 
00  Pn  or  t-w,  as  (210)  t-S 
00  Pn  or  i'h,  as  (120)  i-2 

— mPooor— m-i,as(101)  — 1-t 
mPco  or  m4,  as  (lOl)  1-i 

mPoo  or  fw-i,  as  (Oil)  l-i 

—  wP  or  -m,  as  (111)  —  1 

mP,  as(Ill)  1 

—mPh  or  'tn-n,  as  (211)-2-3 

mPli  or  m-n,  as  (2 11)  2-2 
—mPn  or  -mSn,  as  (121)-2-2 

mPn  or  w-n,  as  (121)  2-2 


The  KaiimaoD  symbols  given  above  are  analogous  to  those  of  the  orthorhombic  system. 
The  long  mark  employed  is  to  be  understood  to  be  conventional  only  an<i  as  referring  to 
the  ortho-axis,  5.  It  does  not  imply  that  this  axis  is  longer  than  the  clino-axis,  d,  though 
this  is  commonly  the  case.  Tiie  inclined  mark  refers  to  the  inclined  axis,  d.  With 
some  authors  these  marks  pass  through  the  P,  instead  of  being  written  over  the  letter  (or 
number)  following. 


•  Od  the  general  use  of  the  terms  pinacoid,  prisms,  domes,  pyramids,  see  pp.  86,  90. 
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183.  Pinacoids.— The  piuacoids  are  the  orthopinacoid,  clinopinacoid^  and 
the  basal  plane. 

The  orthopinacoid,  (100),  includes  the  two  faces  parallel  to  the  plane  of 

the  ortl)o-azis,  t  and  the  vertical  axis  i.  They  have  the  symbols  100  and  lOO. 
This  form  is  designated  by  the  letter  a,  since  it  is  situated  at  the  extremity  of 
the  a  axis;  it  is  hence  conveniently  called  the  a-pinucoid. 

The  clinopinacoidf  (010),  includes  the  two  faces  parallel  to  the  plane 
of  symmetry;  that  is,  the  plane  of  the  clino-axis  a  and  to  the  axis  t.  They 
have  the  symbols  010  and  OlO.  The  clinopinacoid  is  designated  by  the  letter  d, 
and  is  called  the  b-pinacoid. 

The  base  or  busal  pinacoid,  (001),  inclndes  the  two  terminal  faces,  above 

and  below,  parallel  to  the  plane  of  the  lateral  axes  a,  h;  they  have  the 
symbols  001  and  OOl.  The  base  is  designated  by  the  letter  c,  and  is  often 
called  the  c-pinncoid.  It  is  obviously  inclined  to  the  orthopinacoid^  and  the 
normal  angle  between  the  two  faces  (100  A  001)  is  the  acute  axial  angle  fi. 

The  diametral  prisniy  formed  by  these  three  pinacoids,  taken  together. 
Fig.  312,  is  the  analogue  of  the  cube  in  the  isometric  system.  It  is  bounded 
by  three  sets  of  unliKe  faces;  it  has  four  similar  vertical  edges;  also  four 
lateral  similar  edges  parallel  to  the  axis  a,  but  the  remaining  edges,  parallel 
to  the  axis  h,  are  only  similar  two-and-two.  Of  its  eight  solid  angles  there  are 
two  sets  of  four  each;  the  two  above  in  front  are  similar  to  those  below  behind, 
and  the  two  below  in  front  to  those  behind  above. 

184.  Prisms. — The  prisms  are  all  of  one  type,  the  oblique  rhombic  prism. 
They  include  the  unit  prism ^  (110),  designated  by  the  letter  m,  shown  in 
Fig.  313;  also  the  orthoprixmsy  (hkO)  where  h  >  k,  lying  between  a  (100) 
and  m  (110),  and  the  cliHoprisms,  {hkO)  where  h  <  k,  lying  between  m>  (HO) 
and  6(010).  The  orthoprisms  and  clinoprisms  correspond  respectively  to  the 
macroprisms  and  brachyprisms  of  the  orthorhombic  system,  and  the  explana- 
tion on  p.  91  will  honco  make  their  relation  clear.  Oommon  cases  of  these 
prisms  are  shown  in  the  figures  given  later. 


312. 


/ 

r 

/ 

k 

f ' 

V 

1      100/ 

010 

/ 

0 

V 

314. 


101 


I 


101 


186.  Orthodomes.— The  four  faces  parallel  to  the  ortho-axis  t,  and  meeting 
the  other  two  axes,  fall  into  two  sets  of  two  each,  having  the  general  symbols - 
{hOl)  and  (hOl),    These  forms  are  called  orthodomes,  they  are  strictly  hemU  . 
orthodomes.     For  example,  the  unit  orthodome  (101)  has  the  faces  101  and 
lOl;  they  wonld  replace  the  two  obtuse  edges  between  a  (100)  and  c  (001)  in  * 
Fig.  312.     The  other  unit  orthodome  (lOl)  has  the  faces  lOl  and  lOl,  and  ' 
they  would  replace  the  acute  edges  between  a  and  c.    These  two  independent 
forms  are  shown  together,  with  b  (010),  in  Fig.  314. 
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Similarly  the  faces  201,  So!  belong  to  the  forl^t^l),  and  SOl,  SOl  to  tfa» 
indepeudent  bnt  complementary  form  (3til). 

In  Ihe  symhola  of  Naiimiinn  ibe  heml-ortbodomee  betwee'd '  tUe<  bue  and  tlie  front 
orthimiiiucolij  above,  and  betice  ci>rre8pi>iidiDg  to  tbe  obluae  edge 'beiVrwii  tli«m,  are  ili»- 
iluKiiiBbfd  by  the  minus  »iga  (—  1-t  =  101,  etc.).  wbile  tbow  JmsIwwh'  ibe  base  aud  the 
orUiDpiuacoId  beMuil  are  culled  plus*  (-\-  1-i  =  101);  the  +  >^<K">  liowi,-ver.  ts  UHuallf 
Otulllvd.     Tbe  two  sets  of  beuii-pynkinids  <se«  beyond)  are  itiinllarty  dUiiuguhbeU. 

186.  ClinodomeB.— The  clinodomes  are  the  formB  whose  faces  v*  I'lirallel 
to  the  inclined  axis,  a,  wliile  intursectiiig  the  other  two  iixes,     Theif.  general  ' 
symbol  is  iience  (Okl)  and  tbey  lie  between  the  base  (001)  and  the  clino'ninacoid 
(UIO).     Each  form  has  four  faces;  thns  for  tbe  unit  clinodome  these  nave  the 
BymbolB,  Oil,  Oll,  Oil.  Oil.     Tlie  form  n  (021)  in  Fig.  321  is  a  clinodome. 

187.  Pyramids. — The  pip-iimiils  in  the  monoclinic  system  are  all  bemi- 
pyramida,  embracing  fonr  faces  only  in  each  form,  corresponding  to  the  gen- 
eral symbol  [hil).  This  obvionsly  follows  from  the  symmetry;  it  is  shown, 
for  eziimple,  in  the  fact  alreaiiy  stated  that  the  solid  angles  of  the  diametral 
prism  (Fig.  312,  see  above),  which  are  replaced  by  these  pyramids,  fall  into 
two  sets  of  four  each  Thns  any  general  symbol,  as  (321),  includes  the  two 
independent  forms  (321)  and  (321)  with  the  faces 

321,        351,        52l,        321,        and        321,        32l,        32l,        3i5I. 

The  pyramids  may  he  uui^  pyramids,  {hhT),  orthopyramids,  [hlel)  when 
A  >  A,  or  dhmpf/rnmids,  (hkl)  when  h  <  k.  These  correspond  respectively 
to  the  three  prisms  already  named.  They  are  analogous  also  to  the  unit 
pynimids,  macropyramids  and  brachypyramids  of  the  orthorhombic  system, 
and  the  explanation  given  on  pp.  91,  9^  shouid  serve  to  make  tlieir  relations 
clear.  But  it  must  ue  remembered  that  each  general  symbol  embraces  two 
forms,  (hhl)  and  {liil)  with  four  faces  each,  as  above  explained. 


316.  316. 


318. 


^ 


188.  Ulnstrations.— Fips.  315-318  of  pyroxene  (n:S:(5  =  1-092: 1 :0589, 
fi  =  74°  ~  ac)  show  typical  monoclinic  forms.     Fig.  315  shows  the  diametral 

•This  rbolce  of  sis""  bv  Nniimann  wan  iiiiroriiinale,  betns  contrary  to  ordinary  usage: 
It  i*  however  ino  ircnmillv  nwet>led  m  iidmii  "f  hcinij  i-eversecl.  Ht  wns  led  t.i  nib-'pl  it 
becniiftv  tlie  iiiteranl  ancle  i't  tlie  nppiT  front  rdj,'c  between  IXH  and  H)0  Ib  olmiscarnl  Iience 
tiiecuaiue(e.;.  to  tbe  general  cosine  formula  for  llie  angle  belwevu  two  faces)  is  tiegalite. 
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prism.  Of  the  other  iof^,'m  is  the  unit  prism  (110);  p  (lol)  is  sn  orth»> 
dome;  m  (lU),  v  (23J);.S' (Til)  are  nnit  pyramids;  for  otlier  figures  see 
p.  387.  Agiiin,  Figfj'.'.3lS-321  represent  common  crystals  of  orthoclase 
(i:  J:<i  =  0-659:1:-0'565,  /J  =  64"  =  ac).  Here  *  (130)  is  a  clinoprism; 
z  (toi)  and  ,v(^\l'"'^  orthodomes;  n(021)  is  a  clinodome;  o(Ill)  a  unit 
pyramid.  Since'^Fig.  319)  c  and  x  happen  to  make  nearly  equal  angles  with 
the  vertical  Wge  ol  the  prism  m,  the  combination  often  atimuTutes  an 
orthorhowliif  crystal. 


^Zl^ 


Fig.  32S  shovB  a  monoclinic  crystal,  epidote,  prismatic  in  the  direction  of 
the  ortho-axis;  the  forms  are  r  (TOl)  tmd  ft(Ill),  Fig.  323  of  gypanm  is 
flattened  Q  b;  it  shovs  the  unit  pyramid  I  (111)  with  the  unit  prism  m  (110). 
Fig.  324  of  monazite  ia  prismatic  in  habit  byeitension  of  the  pyramid  v  (111). 
It  shows  also  the  orthodome  to  (101);  the  clinodome  «(011);  the  pyramids 
r(lll).s(131),  j(3U),»(5U). 


^ 


189.  Projections. — Fig.  335  shows  a  projection  of  a  crystal  of  epidote 
(cf.  Fig.  85H,  p.  438)  on  a  plane  normal  to  the  pnamutio  VAUic,  and  Fig.  326 
one  of  a  similar  crystal  on  a  plane  pai-allel  to  b  (dlO);  U/.h  slioiiM  be  carefully 
studied,  as  also  the  spherical  projection  of  the  siinii'  si-cics,  Fig.  3«'7.  The 
symbols  of  the  prominent  faces  are  given  in  Fig.  327. 
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2.   HEMIMOKPHIC   GROUP  (29). 

190.  The  monoclinic-hemimorphic  group  is  characterized  by  a  single  axis 

of  binary  symmetry,  the  crystallographic  axis  i,  but  it  has  no  plane  of  sym- 
metry. It  is  illustrated  by  the  spherical  projection  (Fig.  328);  also  by 
Fig.  329^  a  common  form  of  tartaric  acid;  sugar  crystals  also  belong  here. 
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Tartaric  Acid. 
Forms:  r  (101).  ^  (101),  g(Oll). 

The  hemimorphic  character  is  distinctly  shown  in  the  distribution  of  the 
clinodonies  and  pyramids;  corresponding  to  this  the  artificial  salts  belonging 
here  often  exhibit  marked  pyro-electrical  phenomena. 


104  CRTSTALLOGRAFUT. 

3.   CLINOHEDRAL  GROUP  (30).     CLINOIIEDRITE  TYPE. 

191.  The  monorlinic-cliiwhedral  group  (the  domiitic  clueg  of  Grotli) 
is  cbaracterized  bv  a  single  plane  of  aynimetry,  purallel  to  the  cliiio- 
pinacoid,  b  (010),  but  it  has  uo  axis  of  symmetry  (cf.  Fig.  330),  In  this 
group,  tiierefore,  tho  forms  parallel  to  the  o-axis,  viz.,  c  (001),  a  (lOO)  and  the 
orthodomes,  are  repreaeiitcd  by  a  single  face  only.  The  other  forms  have  each 
two  fncea,  but  it  is  to  be  noted  that,  with  the  single  exception  of  the  clino- 
pinacoid  b  (010),  the  faces  of  a  given  form  are  never  parallel  to  another. 
The  name  given  to  the  group  is  ba^  on  this  fuct. 

Several  artificial  salts  belong  here  in  their  crystallization,  bnt  the  only 
known  representative  among  minerals  is  the  rare  silicate,  clinohedrite 
(H,CaZnSiO,),*  a  complex  crystal  of  which  is  shown  in  two  positions  in  Figa. 
331,  331a.  As  seen  in  these  figures,  the  crystals  of  the  group  have  a  hemi- 
morphic  aspect  with  respect  to  their  development  in  Uie  direction  of  the 
TerCical  axis,  idthoiigh  they  cannot  propeily  be  called  hemlmorphic  since  thia 
is  not  an  axis  of  symmetry.  The  forms  shown  in  Figs.  331,  331a  are  a» 
follows:  pinacoid,  6  (010);  prisms,™  (110),  m,  (IlO),  A  (320),  »  (ISO),  M'^O); 
orthodomes,  e  (101),  e,  (lul);  pyramids,  p  (Ul),  p,  (III),  q  (111);  r  (531), 
a,  (551),  t  (771),  «  (5;n),  0  (l31),  X  (Ul),  y  (l2l). 

330.  331.  331a. 


It  is  to  be  noted  that  crystals  of  the  common  species  pyroxene  (also  of 
sgirite  and  titanite)  occuaioiially  show  this  habit  in  the  distribution  of  their 
faces,  but  it  is  not  certain  that  this  may  not  be  accidental. f 

Mathematical  Relations  ov  toe  Mohoclinic  Ststeu. 

19S.  ChoiM  of  AzH  — II  is  rcpuiitttlherc  (Art.  18t).  Iliat  the  fixed  position  at  tbe  p1nne 
of  symiiiuiiy  estnlilislies  liie  ilirecttim  of  llie  nxis  5  auil  ilin  pluiie  uf  Ihe  axes  A  nnil  i.  The 
liiiter  fixes,  liowever.  miiy  iiiivc  viiryiiig  iKutiiioiis  in  iliis  planv  iircnrdiiig  ni  1o  wliicli  fucca 
are  ukeii  lui  Ibe  pinnciilits  n  niid  e,  niiil  wliii^li  ilie  uiill  pyramid,  prinm.  or  (tomes. 

lU.  Axi*l  ftnd  AngDlu  Elamenti  — Tlie  nxial  tlemenUi  lire  I  he  Ungtlit  nt  the  iix«s  d  nnd  i 
In  terms  "f  ilie  iiiiii  nxia  6,    liat  is.  tlie  iixi'il  milo,  wiili  nlwi  llie  acntu  ntigle  of  iDClinaliou 
of  tlie  uxea  li  anil  i,  calleil  fi.     Thus  for  ort|ji>oliuiv  ilie  iiilal  I'leiucats  are : 
d:i:i  =  00685 :  1  :  0S564    /J  =  68"  5ft('. 
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The  angular  elemeDts  are  usually  tnken  as  tbe  nugle  (100  A  001)  which  is  equal  to  the  augle 
P\  also  the  angles  between  ihe  ihree  pinacoids  100,  010,  OUl.  respectively,  and  the  unit 
prism  110,  the  unit  orthodome  (101  or  101)  and  the  unit  cliuodome  Oil.  Thus  again  for 
onhoclase,  the  angular  elements  ure : 

001  A  100  =  63°  Ser,     100  A  HO  =  80'  86J'. 
001  A  iOl  =  60'  16V,    001  A  Oil  =  26'  31'. 

194.  The  mathematical  relutious  counecting  nzial  and  angular  elements  are  as  follows: 

^^taMlOOAjlO)        ^^       un  (100  A  110)  =  d .  sin /»;  (1) 

sin  p 

^  ^  tnnJOOlAOn)       ^       tan(00lA011)  =  i.dD/J;  (2) 

sin  fS 

.  d.  tan  (001  a  101)  •  ^  zAAi    .  mix  h%\n  0 

e  =  -. — 5 i -rnrr^ — t^^Tv    ot    tan  (001  A  101)  =  .   ,    ■ y, 

sin /tf  —  cos /fi^ .  ittu  (OUl  A  101)  ^  d-f-e.eos/5 

.  fli .  tan  (001  A  101)  ,      ,^^       ^^..  h^n  ft 

i  =    .    a  ■ J   .     \ux,       Ti.ix    or    tan  (001  A  101)  =  ^ r — ^— 5-. 

sm /tf  +  cos/^.  tun  (001  A  101)  '      d  —  t.voafi 

These  relations  may  be  made  more  general  by  writing  in  the  several  cases — 
.    in(l)    AAK)forllO    and    -^aford;  in  (2)    OkitorOll    and    ^iiorh; 

in  (3)    AO;  for  100    and    ^Hor^. 

Also 

h^  _  sin  (001  A  101)  _  sin  (001  A  101) 
d  ""  sin  (100  A  101)  ~  sin  (100  A  TOl)' 
and  more  generally 

h      h       sin  (001  A  hOl)  _  sin  (001  A  AOQ 
d   •  /  ~  sin  (100  A  hOl)  -  gin  ^joq  ^  f^Q0' 

Note  also  that 

tan  0  =  d       and        tan  C  =  ^; 

where  0  is  the  angle  (Fig.  827)  between  the  zone-circles  (001, 100)  and  (001, 110);  also  C  the 
angle  lietweeu  (100,  001)  and  (100.  Oil). 

All  the  above  relations  are  impoitant  and  should  be  thoroughly  understood. 

196.  The  problems  which  usiitilly  ari^e  have  as  iheir  object  either  the  deducing  of  the 
axial  elemenis,  the  angle  fi  and  the  values  of  a  nn<1  h  in  terms  of  0  (=1),  from  three 
mea«<ured  anj^les.  or  the  finding  of  any  required  interfaciul  angles  from  these  elements  or 
from  the  fundamental  angles. 

The  simple  relations  of  the  preceding  article  connect  the  angular  and  nxial  elements, 
and  beyond'  this  all  ordinary  pn^blems  nin  be  solved*  either  by  the  solution  of  splierioit 
triangles  on  the  sphere  of  projection,  or  by  the  aid  of  the  cotangent  (and  tangent)  relation. 

It  is  to  be  noted,  in  the  first  place,  that  all  i^reat  circles  on  ihe  sphere  of  projection  (Fig. 
827)  fmm  010  cut  the  zone  circle  100.  001.  100  at  right  angles,  but  those  fiom  100  rut  the 
zone  ciicles  010,  001,  010  obliquely,  as  also  those  from  001  cutting  the  zone  circle  100,  010, 
100. 

196.  Tangent  and  Cotangent  Belations. — The  s\mi)]e Jan  gent  relation  holds  good  for  all 
zones  from  010  to  any  pole  on  the  zone  circle  100,  (»0l,  100;  in  other  word.s,  for  the  prisms, 
c  inodomes.  and  zones  of  pyramids  in  which  the  ratio  of  A  :  /  is  constant  (from  001  to  AO^  or 

to  h^l).    Thus  it  is  still  true,  as  in  the  orthorhombic  system,  that  the  tangents  of  the  angles 


•  The  general  formulas,  from  which  it  is  possible  to  cjilculate  directly  the  angles  between 
any  face  and  the  pinacoids,  or  the  angle  between  any  two  faces  whatever,  are  so  complex 
as  to  l)e  of  little  value. 
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of  the  prisms  210.  110,  120,  180  from  100  are  in  the  ratio  of  )  :  1 :  2 : 8,  or,  more  generally, 
that 

taD  (too  A  hkO)     k  tiiD  (010  a  hkO)     h 

tau(lOOAllO)     h  lau(OlUAllO)      k' 

Also  for  the  clinodomes  the  taDgents  of  the  angles  of  012,  Oil.  021  from  001  are  in  the 
ratio  of  i'A  :  2.  etc.  A  similar  rehitiou  holds  for  the  tangents  of  the  angles  of  pyramids  in 
the  zones  mentioned,  as  121,  111.  212.  etc. 

For  zones  other  thuu  those  meniioued  in  the  preceding  article,  as  from  100  to  a  clino* 
dome,  or  from  001  to  n  pi  ism,  the  more  general  cotangent  formula  given  in  Art.  47  must  be 
employed.     This  relation  is  simplified  for  certain  common  cases. 

For  any  zone  starting  from  001,  as  the  zone  001, 100,  or  001, 110,  or  001,  210,  etc.;  if  two 
aneles  are  known,  viz.,  the  angles  between  001  and  those  two  faces  in  the  given  zone  which 
fall  (1)  in  the  zone  010,  101,  and  (2)  in  the  prismatic  zone  010,  100;  then  the  angle  between 
001  and  any  other  face  in  the  given  zone  can  be  calculated. 

Thus. 

Let  001  A  101  =  PQ  and  001  a  100  =  PR. 
or  *•  00lAlll=PQ  *'  OOlAllO  =  PR, 
or    "  001a212  =  PQ        "        001  A  210=  PR,  etc. 

Then  for  these,  or  any  similar  cases,  the  angle  (PS)  between  001  and  any  face  in  the  given 
zone  (as  201,  or  221,  or  421,  etc.,  or  in  general  hOl,  hhl,  etc.)  is  given  by  the  equation 

cot  PS  -  cot  PR_  I 
cot  PQ- cot  Pli~  h' 

For  the  corresponding  zones  from  001  to  100.  to  110.  to  210,  etc.,  the  expression  has  the 
same  value ;  but  here 

PQ  =  001  A  101,     PR  =  001  A  100,     PS  =  001  A  ^0/, 
or  001  A  ill,  etc..   '   001  A  110,  etc.,       001  A  M/,  etc. 

If,  however,  100  is  the  starting-point,  and 

100  A  101  =  PQ.        100  A  001  =  PR, 

or  100  A  111  =  PQ,        100  A  Oil  =  PR.  etc., 

then  the  relation  becomes 

cot  PS  -cot  TTi_h 
cotPQ- cot  PR""  r 


VI.  TRICLINIC   SYSTEM. 

197.  The  Triclinic  System  includes  all  the  forms  which  are  referred  to 
three  unequal  axes  with  all  their  intersections  oblique. 

The  axes  are  here  designated  as  in  the  orthorhombic  system,  the  letters 

used  for  the  lateral  axes  a,  h  (or  a,  b),  having  a  short  or  long  mark  over  them 
to  indicate  which  is  the  shorter  and  which  the  longer  axis.  In  the  majority 
of  cases,  a  is  the  brachy-axis  and  J  the  macro- axis.     But  this  is  not  invariably 

true;  thus  with  rhodonite  the  ratio  ot  a  :b  =  1073  :  1.  The  vertical  axis  is 
always  designated  by  i.  The  angle  between  the  axes  b  and  6  is  called  a,  that 
between  a  and  6  is  /},  and  that  between  a  and  b  is  y  (Fig.  333). 

It  is  to  be  noted  that  tliere  is  no  necessary  relation  between  the  values  of 
a,  /?,  and  y,  any  one  may  be  greater  or  less  than  90**;  this  is  determined  by  the 
choice  of  the  fundamental  forms. 
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1.  NORMAL  GROUP  (31).    AXINITE  TYPE. 

198.  Symmetry. — The  normal  group  of  the  triclinic  system  is  characterized 
by  a  center  of  symmetry,  the  point  of  intersection  of  the  three  axes,  but  there 


t 


.*-  •. 


.-♦- 


18  no  plane  and  no  axis  of  symmetry.*  This  sym- 
metry is  shown  in  the  accompanying  spherical  pro- 
jection (Fig.  332). 

199.  Forms. — Each  form  of  the  group  includes 
two  faces,  parallel  to  one  another  and  symmetrical 
with  reference  to  the  center  of  symmetry.     This  is      / 
true  as  well  of  the  form  with  the  general  symbol     / 
{hkl)  as  of  one  of  the  special  forms,  as,  for  example,    • 
the  a-pinacoid  (100).  \ 

Hence,  as  shown  in  the  following  table,  the  four  ^\ 
prismatic  faces  110,  IlO,  Il0,_110  include  two  forms, 
namely,  110,  IIO,  and  110,  lIO.  The  same  is  true 
of  the  domes.  Further,  any  eight  corresponding 
pyramidal  faces,  as,  for  example.  111,  111,  ill,  ill, 
III,  III,  III,  III  belong  to  four  distinct  forms,  namely,  111,  111;  111,  ill; 
III,  111;  111,  III,  and  similarly  in  general. 

The  various  types  of  forms  are  given  in  the  following  table: 


Miller. 


Macropinacoid  or  )  noo^ 

rt-pinacoid  j-«--»  V      ; 

Brachypinacoid  or  )  ^010^ 

^-pinacoid  ) ^      ' 

Base  or  c-pinacoid (001) 

Unit  prism \  n lO) 

Macroprisms  )  j  (hkO) 


h  >  k 


} 


( (fikO) 

Brachyprisms  \  j  (hkO) 

h  <k 

Macrodomes 


\ 


Brachydomes 


(  {hkO) 
{  (hOl) 

i  (hoi) 
j  (0*0 

I  (Oil) 
r  (hhl) 

"""p^ia. m 

.  {hhl) 
'  {hkl) 
(hkl) 
(hkl) 

[  (hkl) 


Macropyramidsf 
h  >  k 


\ 


S 


d  :  coh  :  cod 

(x>4  :h  :  cod 

cod  :  coh  :d 

d  :h  :  cot 
d  I  —  h  \co6 

d  :nh  :  cod 

d  :  —  nh  :  cod 

nd  :h  :  cod 

nd  :h  :  cod 

d  :  coh  :md 

—  d  :  coh  :  md 
cod  :h  :md 

cod  :  —  h  :md 

a  :b  :  rnc 
—  a : b :mc 

—  a  :  —  b  :mc 
a  :  —  b  :tnc 

d  :nl :  md 

—  d  :7ih  :  md 
—  d  :  —nh  :  md 

d  :  —  rib  \md 


NtuimauD. 
00  Poo  or  i'l,  a 

00  P  <»  or  %'ly  b 

OP  or  0,  0 

00  P'  or  Z',  m 
^'Por'I.M 

00  P^i  or  t-w' 

00  'Ph  or  'i'lh 

00  Pn  or  t-w 

00  Pn  or  i-n 

m'P'ob  or  'm-i' 

m^P^co  or/w-i' 

mPco '  or  m-i 

'mPco  or  m-t 

mP'  or  m' 

m^P  or  ^m 

mP^  or  m^ 

m'  P  or 'm 

mP'n  or  m-n' 

m^Pn  or  ^m-n 

mP/n  or  m-n^ 

m^Pn  or  'm-n 


•  On  the  other  method  of  viewing  the  symmetry  here  described,  see  Art.  17,  p.  10. 
t  In  the  above  table  it  is  assumed  tliat  the  axial  ratio  is  d:h:  h.    If  it  were  a  \h  :  h,  the 
names  brachy-  and  macro-  would  be  exchanged,  and  also  the  long  and  short  marks  in  the 
Kaumann  symbols.    The  use  of  accents  to  distinguish  prisms,  domes,  and  pymmids  accord- 
ing to  their  position  is  to  be  noted. 
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'  (hkl) 

n&  :l:  mi 

mP'n  or  m-w' 

Brachypyramids  ) 

A  <  *            f ' 

(hkl) 
{hkl) 

—  nd  :h:mi 
—  :nd  :  ^  h  :mi 

m^Pn  or  ^m-u 
mP^Ti  or  iu-Ti^ 

L  {hkl) 

nd  :  —  l:  mi 

m'Pn  or  'wi-/i 

200.    The  explanations  given  under  the  two  preceding  systems  make  it 

unnecessary  to  discuss  in  detail  the  various  forms  individually,  except  as 

333.  illustrated  in  the  case  of  crystals  belonging  to  certain 

typical  triclinic  species. 

It  may  be  mentioned,  however,  that  Fig.  333  shows 
the  diameiral  prismy  which  is  bounded  by  three  sets  of 
unlike  faces,  the  pinacoids  a,  b,  and  c.  This  is  the 
analogue  of  the  cube  of  the  isometric  system,  but  here 
the  like  faces,  edges,  and  solid  angles  include  only  a 
given  face,  edge  and  angle,  and  that  opposite  to  it. 

201.  Illustrations.— A  typical  triclinic  crystal  is 
shown  in  Fig.  334  of  axinite,  already  in  trod  uced._  Here 
a  (UO)  is  the  macropinacoid;  m  (110)  and  if  (110)  the 
two  unit  prisms;  s  (Wl)  a  macrodonie,  and  x  (111)  and 
r  (ill)  two  unit  pyramids.  The  axial  ratio  is  as  follows: 

d:h:i  =  0*49  : 1  : 0-48,  a  =  83°  54',  /3  =  91°  52',  y  =  131°  32'. 

Figs.  335,  336  show  two  crystals  of  rhodonite,  a  species  which  is  allied  to 
pyroxene,  and  which  approximates  to  it  in  angle  and  habit.    Here  the  faces 


334. 


336. 


336. 


Axiuitc. 


Rhodooite. 


337. 


338. 


are:  Pinacoids  a  (100),  b  (010),  c  (001);  prisms  m  (UO),  M  {llO);  pyramids 
q  (221),  k  (5>l),  n  (22l),  r  (III). 

Further  illustrations  are  given  by  Fig.  337  of  albite  and  Fig.  338  of  anor- 
thite.  The  symbols  of  the  faces, 
besides  the  pinacoids  and  the 
unit  prisms, are  as  follows:  Fig. 
337,  X  (iul);  Fig.  338,  prisms 
/  (130),  z  (l30);  domes  ^(207), 
y  (201),  e(021),r  (061),n(02l); 
pyramids  m  (HI),  a  (ill), 
0  (III),  iP  (211).  In  Fig.  338 
of  anorthite  the  similarity  of 
the  crystal  to  one  of  orthoclase 
is  evident  on  slight  examination 
(cf.  Figs.  319,  320),  and  careful 
study  with  the  measurement  of  angles  shows  that  the  correspondence  is  verj 


ifC^ 


•«      r  .  jt 


Albitc. 


*       — o 

Anorthite. 
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dose.    Hence  in  this  case  the  choice  of  the  fondamental  planes  is  readily 
made. 

Fig.  339  represents  a  crystal  (artificial)  of  blae  yitriol,  the  mineral  clud- 

339.  340. 


\ 

^ 

A 

.« 

N 

m 

A 

339a. 


canthite;  Fi^.  339a  gives  a  projection  on  a  zone  normal  to  the  prisms,  and 
Fig.  340  a  spherical  projection.  The  last  figure  also  shows  the  symbols  of  the 
different  faces. 

2.  ASYMMETRIC  GROUP  (32). 

202.  Besides  the  normal  group  of  the  triclinic  system  there  is  another 
possible  group,  possessing  symmetry  neither  with 
respect  to  a  plane,  axis  nor  center;  in  it  a  given 
form  has  one  face  only.    This  group,  the  asym- 
metric class  of  Groth,  finds  examples  among  a 
numbf^r  of  artificial  salts.   One  of  these  is  calcium 
thiosnlpbate  (CaS,0,.  GH,0);   as  yet  no  mineral 
species  is  known  to  be  included  here.    This  is  the      / 
most  general  of  all  the  thirty-two  types  of  forms      I 
classified  according  to  their  symmetry  and  comes      \ 
first,  therefore,  if  the  groups  are  arranged  in  order  ^.^ 
accord  ins:  to  the  degree  of  symmetry  characterizing 
them.     This  group  is  one  of  those  whose  crystals 
may  show  circular  polarization.    This  is  true  of 
eleven  of  the  groups  which  have  been  described  in 
the  preceding  pages. 

Mathematical  Relations  of  the  Triclinic  Ststem. 

SOS.  Choioe  of  AzM.— It  Is  obviouR,  from  wliat  bns  becD  said  as  to  tlie  synrimetry  of  this 
fvystem,  that  any  three  faces  of  a  triolinic  crystal  may  be  chosen  as  the  piiiacoins.  or  the 
faces  which  fix  the  position  of  iheaxinl  planes  and  tlie  directions  of  tlie  axes;  moreover, 
there  is  a  like  liberty  in  the  choice  of  the  unit  prisms,  domes  or  pyramids  which  further  fix 
the  lengths  of  the  axes. 
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When  the  crystal  iu  hand  is  allie<l  iu  form  or  coinpositiou  to  other  species  whether  of 
the  same  or  ditt'erent  syslems,  this  fuel  Minpl.fics  the  problem  imd  makes  the  choice  of  the 
fundamental  forms  easjr.  This  is  well  illusiraied,  as  already  noted,  by  the  tricliuic  feldspars 
(e.g.,  albite  and  anorthite,  Figs.  887,  888^  which  are  uear  in  angle  to  ti.e  allied  nionocliuic 
species  orthoclase.  Rhodonite  (Figs.  885,  88(i),  the  tiiclmic  memlier  of  the  pyrozeno 
group,  is  another  good  example. 

In  other  cuses,  where  no  such  relationship  exists,  and  whire  varied  habit  makes 
different  orientations  plausible,  there  is  but  little  to  guide  the  choice.  This  is  illustrated 
in  the  case  of  axinite  (Fig.  884),  where  at  least  ten  distinct  positions  have  been  assumed  bj 
different  authors. 

204.  Axial  and  Angular  Elements. —The  axw I  elements  of  a  triclinic  crystal  are:  (1)  the 
axial  ratio,  which  expresses  the  lengths  of  the  axes  a  and  6  in  terms  of  the  third  axis.  b\ 
and  (2)  the  angles  between  the  axes  a,  ff,  y  (Fig.  883).  There  are  here  five  quantities  to  be 
determined  which  obviously  require  the  uieasurenieut  of  five  independent  angles  between 
the  faces. 

The  angular  elemefhU  are  usually  taken  as  the  angles  between  the  pinacoids  and,  hi 
addition,  those  between  each  pinacoid  and  the  unit  face  lying  in  the  zone  of  the  other 
pinacoids;  that  is, 

ab,     100  A  010.    ac,     100  A  001,    he,    010  a  001; 
also 

am    100  A  HO,  001  A  101,  001  A  Oil; 

or,  instead,  any  one  or  all  of  these, 

aM,     100  A  110,  001  a  101,  001  A  Oil. 

Of  these  six  angles  taken,  one  is  determined  when  the  others  are  known. 

206.  The  mathematical  relations  existing  between  the  axial  angles  and  axial  ratio,  on  the 
one  hand,  and  the  angles  between  the  faces  on  the  other,  admit  of  being  drawn  out  with 
great  completeness,  but  they  are  necessarily  complex  and  in  general  have  little  practical 
value.  In  fact,  most  of  the  problems  likely  to  arise  can  be  solved  b}'  means  of  the  triangles 
of  the  spherical  projection,  together  with  the  cotangent  formula  connecting  four  planes  in 
the  same  zone  (Art.  47,  p.  31);  this  will  often  be  laborious  and  may  require  some  ingenuity, 
but  iu  general  involves  no  serious  difficulty.  In  connection  with  the  use  of  the  cotangent 
formula,  it  is  to  be  noted  that  in  certain  commonly  occuri-ing  cases  its  form  is  much 
simplified;  some  of  these  have  already  been  explained  under  the  monoclinic  system 
(Art.  196).     The  formulas  given  there  are  of  course  equally  applicable  here. 

206.  The  first  problem  may  be  to  find  the  axial  elements  from  measured  angles.  'Since 
these  elements  include  five  unknown  quantities,  viz.,  the  three  axial  angles  a,  /?,  v  and 
the  lengths  of  the  axes  a  and  h  in  terms  of  b,  five  measured  angles  are  required,  as  already 
stated. 

These  angles,  by  use  of  three  or  more  spherical  triangles,  will  serve  to  crive  the  angles  (see 
Fig.  840)  TT,  p,  ii,  K,  r,  a- {or  the  corresponaing  angles  ^r',  p',  etc.,  in  the  aajacent  quadrants). 
The  ratio  of  the  sines  of  each  pair  of  these  angles  fixes  the  ratios  of  the  corresponding  axes 
(see^below).  The  full  axial  ratio  may  be  obtained  from  any  two  pairs  and  the  third  ratio 
serves  as  a  check  upon  the  results  given  by  the  other  two. 

The  simple  formulas  required  are  : 

sin  r        sin  r 


jin  t'  _n       sin  V  _  sin  y'  _  ^      sin  ?r  _  sin  at*  _  i 
\\u  (f  "  b  '    sin  yti  ~  sin  yti'  ~"  a '     sin  p  "  sin  p'  ~"  6* 


sin  a       sin  a* 

If  the  corresponding  ancles  for  the  general  case  arc  given  (not  those  of  the  unit  zones),  the 
relations  are  similar.  Tliat  is,  if  for  the  face  hkl  the  corresponding  angles  be  represented 
by  r«,  cTo,  etc.,  where  ro.  cr©  are  the  angles  between  the  zone  circles  l(l0,  001  and  100,  010 
respectively  and  the  zone  circle  001.  hk(S  (nnd  similarly  for  ro,  cto  in  the  fldinreni 
quadrant,  also  similarly  ro,  ^^,  etc.),  these  relations  may  be  expressed  in  the  general  form 

a   _k    a 
A* 


sin  ro      sin  t^' 

sin  cTo  ""  sin  Co' 

and  dmilarly  for 

sin  Kt 

-J — ^,  etc. 
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Thus  for  the  face  821  the  formulas  become 

sin  r«  _  a  _  2  a      sin  k»  __  3^     sin  jr.  _  2i 
siu  tTo  ""  i6  ~  8 6'     sin  fi^"^  a'    sin  po  ~"   ^ " 

It  is  also  to  be  noted  tbut 

a  -  180-  -A,        /J  =  180"  -  5,        r  =  180'^  -  (7. 

where  A,  B,  G  are  the  angles  in  the  piuacoidal  spherical  triangle  lOO'OlO'OOl  at  tiji!*.- 
poles  respectively.    That  is, 

^  =  jr-f-p  =  ?ro  +  po  =  (180"  —  a)\ 

B=v-f/i  =  vo  +  >^o  =  (180"  -  fi)\ 

C  =  r4-<7=ro-|-<7o  =  (180"  -  r). 
Also 

180"  -  ^  =  «'  +  p'  =  ;ro'  +  Po'  -  a. 

Hence,  having  given,  by  measurement  or  calculation,  the  angles  between  the  faces 
ab  (100  A  010),  ac  (100  A  001)  and  be  (010  A  001),  which  are  the  sides  of  this  triangle, 
the  angles  A,  B,  C  are  calculated  and  their  supplements  are  the  axial  angles  a,  p.  y 
respectively. 

Still  another  series  of  equations  arc  those  below,  which  give  the  relations  of  the  angles 
fi*  Vf  /9.  etc.,  to  the  axes  and  axial  angles.  By  means  of  them,  with  the  sine  formulas 
given  above,  the  angular  elements  (and  other  angles)  can  be  calculated  from  the  axial 
elements. 

a  sin  /9         ,  e  sin  6 

tan  /I  =  —7 ',    tan  v  =  — ; -., 

c-\-  a  cos  p  a-\-  c  cos  p 

6  sin  a         .  c  sin  a 

tan  p  =  — r-r ;    tan  n  = 


c  -\-  b  cos  a  b  -\-  c  cos  a 

a  sin  V  ^  6  sin  y 

tan  r  =  t—. — ;    tan  c  =  — — r — - — . 

b'\-  a  cos  y  a  -f-  o  cos  y 

These  equations  apply  when  n  +  r,  etc..  is  less  than  90";  if  their  sum  is  greater  than 
00"  the  sisrn  in  the  denominator  is  negative. 

907.  The  following  equations  are  also  often  useful;  they  give  the  relations  between  the 
angles  a,  (i,  y,  and  the  angles  //,  v,  etc.,  already  defined. 

2  sin  p  sin  p'       2  sin  n  sin  it' 
tan  a  = 


tan  )5  = 


tan  y  = 


sin  (p  —  p')         sin  {n  —  n') 

2  ^in  n  sin  /i'  _  2  sin  y  Mn  v' 

sin  (p  —  p')  ~  sin  (v  —  y') ' 

2  sin  r  sin  r'      2  siu  o*  Mn  o^ 


sin  (r  —  r')        sin  (O*  —  &) ' 
Also, 

a  +  w-hp  =  /;^-fp  +  i/  =  ;^  +  r-|-o-=r  180". 

The  ciilculation.  from  the  angular  elements  or  from  the  assumed  fundamental  measured 
angles,  either  (1)  of  the  angular  position  of  any  faro  whose  symbol  is  given,  or  (2)  of  the 
symbol  of  an  unknown  face  for  wh  ch  measiired  anjrlc*  are  at  hand,  requires  no  further 
explanation.  The  cotangent  formula  is  all  that  is  needed  in  a  single  zone,  and  the  solution 
^  of  spherical  triangles  on  the  projec  ion  (with  the  use  of  the  sine  formulas)  will  suffice  in 
•addition  in  all  ordinary  caFcs. 
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MEASUREMENT  OF  THE  ANGLES  OF  CRYSTALS. 

208.  Hand-Goniometera. — The  iiiterfacial  angles  of  crystals  are  measured  by 
means  of  instruments  wiiich  are  called  goyiiumeters. 

The  simplest  form  is  the  hand-goniometer,  represented  in  Fig.  342. 
It  consists  of  an  arc,  graduated  to  half-degrees  or  finer,  and  two  movable 
arms.     In  the  iustrument  figured,  one  of  the  arms,  ab,  has  the  motion  forward 

342. 


and  backward  by  means  of  slits  ghy  ik;  the  other  arm,  cd,  has  also  a  similar 
slit,  and  in  addition  it  turns  around  the  center  of  the  arc  as  an  axis.  The 
faces  whose  inclination  is  to  be  measured  are  applied  between  the  arms  ao,  cOf 
and  the  latter  adjusted  so  that  they  and  the  surfaces  are  in  close  contact; 
further,  the  arms  must  be  exactly  at  right  angles  to  the  intersection -edge. 
This  adjustment  must  be  made  with  care,  and  when  the  instrument  is  held  up 
to  the  light  none  must  pass  through  between  the  arm  and  the  face.  The 
number  of  degrees  read  off  on  the  arc  between  A;  and  the  left  edge  of  </  (this 
edge  being  in  the  line  of  the  center,  o,  of  the  arc)  is  the  angle  required.  The 
motion  to  and  fro  by  means  of  the  slits  is  for  the  sake  of  convenience  in 
measuring  small  or  embedded  crystals.  In  a  better  form  of  the  instrument 
the  arms  are  wholly  separated  from  the  arc;  and  the  arc  is  a  deliciitely 
graduated  circle  to  which  the  arms  are  adjusted  after  the  measurement. 

The  hand-goniometer  is  useful  in  the  case  of  large  crystals  and  those 
whose  faces  are  not  well  polished;  the  measurements  with  it,  however,  are 
seldom  accurate  within  a  quarter  of  a  degree.  In  the  finest  specimens  of 
crystals,  where  the  faces  are  smooth  and  lustrous,  results  far  more  accurate 
may  be  obtained  by  means  of  a  different  instrument,  called  the  reflecting 
goniometer. 

209.  BeflectinG^  Ooniometer. — This  i nstni men t,  devised  by  Wollaston  (1809), 
has  been  much  improved  in  its  various  parts  since  his  time  by  Mitscherlich 
and  others.    The  principle  on  which  it  is  constructed  may  be  understood  by 
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reference  to  the  following  figure  (Fig.  343),  whicli  represents  the  section  of  a 
crystal,  whose  angle,  aUCy  between  the  faces  ahy  be,  is  required. 

The  eye  at  P,  looking  at  the  face  of  the  crystal,  be,  ooserves  a  reflected 
image  of  m,  in  the  direction  of  Fn.  The  crystal  may  now  be  so  changed  in 
its  position  that  the  same  image  is  seen  reflected  by  the  343 

next  face  and  in  the  same  direction,  Pii,  To  effect  this, 
the  crystal  must  be  turned  around,  until  abd  has  the  ^ 
present  direction  of  be.  The  angle  dbe  measures,  there- 
fore, the  number  of  degrees  through  which  the  crystal 
must  be  turned;  it  may  be  measured  by  attaching  the  , 
crystal  to  a  graduated  circle,  which  turns  with  the  crystal. 
This  angle  is  the  supplement  of  the  interior  angle  between  the  two  faces,  or 
in  other  words  is  the  normal  angle,  or  angle  between  the  two  poles  (see  Art. 
41,  p.  28).  The  reflecting  goniometer  hence  gives  directly  the  angle  needed 
on  the  system  of  Miller  here  followed. 

Many  different  forms  of  reflecting  goniometer  of  simple  type  are  in  use. 
The  accompanying  figure  (Fig.  34-1)  will  suffice  to  make  clear  the  general 
character  of  the  instrument,  as  well  as  to  exhibit  some  of  the  refinements 
added  for  the  sake  of  greater  exactness  of  measurement. 

The  circle,  C,  is  graduated,  in  this  case,  to  twenty  minutes,  and  by  means 
of  the  vernier  at  v  the  readings  may  be  made  to  minutes  and  half-minutes. 
The  crystal  is  attached  by  means  of  wax  to  the  little  plate  at  k;  this  may  be 
removed  for  convenience,  but  in  its  final  position  it  is,  as  here,  at  the  extremity 
of  the  axis  of  the  instrument.  This  axis  is  moved  by  means  of  the  wheel,  n; 
the  graduated  circle  is  moved  by  the  wheel,  m.  These  motions  are  so  arranged 
that  the  motion  of  n  is  independent,  its  axis  being  within  the  other,  while  on 
the  other  hand  the  revolution  of  m  moves  both  tlie  circle  and  the  axis  to  which 
the  crystal  is  attached.  This  arrangement  is  essential  for  convenience  in  the 
une  of  the  instrument,  as  will  be  seen  in  the  course  of  the  following  explanation. 
The  screws,  e,  d,  are  for  the  adjustment  of  the  crystal,  and  the  slides,  a,  b, 
serve  to  center  it. 

The  method  of  procedure  is  briefly  as  follows:  The  crystal  is  attached  by 
means  of  suitable  wax  at  k,  and  adjusted  by  the  hand  so  that  the  direction  of 
the  combination-edge  of  the  two  faces  to  be  measured  coincides  with  the  axis 
of  the  instrument;  the  wheel,  n,  is  turned  until  an  object  (e.g.,  a  window-bar) 
reflected  in  one  face  is  seen  to  coincide  with  another  object  not  reflected  {e.g., 
a  chalk-line  on  the  floor);  the  position  of  the  graduated  circle  is  observed,  and 
then  both  crystal  and  circle  revolved  together  by  means  of  the  wheel,  m,  till 
the  same  reflected  object  now  seen  in  the  seeond  face  again  coincides  with  the 
fixed  object  (that  is,  the  chalk-line);  the  angle  through  which  the  circle  has 
been  moved,  as  read  off  by  means  of  the  vernier,  is  the  normal  angle  between 
the  two  faces. 

In  order  to  secure  accuracy,  several  conditions  must  be  fulfilled,  of  which 
the  following  are  tlie  most  important: 

1.  The  position  of  the  eye  of  the  observer  must  remain  perfectly  stationary. 

2.  The  object  reflected  and  that  with  which  it  is  brought  in  coincidence 
should  be  at  an  equal  distance  from  the  instrument,  and  this  distance  should 
not  be  too  small. 

3.  The  crystal  must  be  accurately  adjitsted;  this  condition  is  satisfied  when 
the  line  seen  reflected  in  the  case  of  each  face  and  that  seen  directlv  with 
which  it  is  in  coincidence  are  horizontal  and  parallel.  It  can  be  true  only 
Mrhen  the  intersection-edge  of  the  two  faces  measured  is  exactly  in  the  direction 
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or  the  axis  of  the  instrument,  and  perpeDdiciilar  to  the  plane  of  the  circle. 
Tlie  adjustment  is  accomplished  roughly  by  the  hand  and  accurately  by  the 
screws  c  and  d. 

4.  The  crystal  must  be  centered  as  nearly  as  possible,  or,  in  other  words, 
the  same   intei'sectiou-edge  must  coincide  with  a  line  drawn  through  the 


revolving  axis.  This  condition  will  be  seen  to  be  distinct  from  the  preceding, 
which  required  only  tliat  the  two  direclionx  should  be  tlie  same  The  error 
arising  when  this  condition  is  not  satisfied  diminishes  ns  the  object  reflected  ia 
removed  farther  from  the  instrument,  and  boeomes  zero  if  the  object  is  at  an 
infinite  distance.  In  the  centering  of  the  crystal  the  slides  a  and  b  are 
employed. 

The  first  and  second  conditions  are  both  satisfactorily  fulfilled  by  the  nse 
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oi  a  telescope^  as  i  (Fig.  344),  with  slight  magnifying  power.  This  is  arranged 
for  parallel  light,  and  provided  with  a  hair-cross  iu  its  focus.  It  admits  also 
of  some  adjustments,  as  seen  in  the  figure,  but  when  used  it  must  be  directed 
exactly  toward  the  axis  of  the  goniometer.  This  telescope  has  also  a  little 
magnifying-glass  {g)  attached  to  it,  which  allows  of  the  crystal  itself  being 
seen  when  mounted  at  k.  This  latter  is  used  for  the  first  adjustments  of  the 
crystal,  and  then  slipped  aside,  when  some  distant  object  which  has  been  selected 
must  be  seen  in  the  field  of  the  telescope  as  reflected,  first  by  the  one  face  and 
then  by  the  other  as  the  wheel  n  is  revolved.  When  the  final  adjustments  have 
been  made  so  that  in  each  case  the  object  coincides  with  the  center  of  the  hair- 
cross  of  the  telescope,  and  when  further  the  edge  to  be  measured  has  been 
centered,  the  crystal  is  ready  for  measurement. 

This  telescope,  obviously,  can  be  used  only  when  the  face  is  smooth  and 
large  enough  to  ^ive  distinct  and  brilliant  reflections.*  In  many  cases  sufQcient 
accuracy  is  obtained  without  it  by  the  use  of  a  window-bar  and  a  white  chalk- 
line  on  the  floor  below  for  the  two  objects;  the  instrument  in  this  case  is 
placed  at  the  opposite  end  of  the  room,  with  its  axis  parallel  to  the  window; 
the  eye  is  brougnt  very  close  to  the  crystal  and  held  motionless  during  the 
measurement. 

The  best  instruments  are  provided  with  two  telescopes.  The  second  stands 
opposite  the  telescope,  t  (see  figure),  the  centers  of  both  telescopes  being  in  the 
same  plane  perpendicular  to  the  axis  of  the  instrument.  This  second  telescope 
has  also  a  hair-cross  in  the  focus,  and  this  when  illuminated  by  a  brilliant  gas- 
burner  (the  rest  of  the  instrument  being  protected  from  the  light  by  a  screen) 
will  be  reflected  in  the  successive  faces  of  the  crystal.  The  reflected  cross  is 
brought  in  coincidence  with  the  cross  in  the  first  telescope,  first  for  one  and 
then  for  the  other  face.  As  the  lines  are  delicate,  and  as  exact  coincidence 
can  take  place  only  after  perfect  adjustment,  it  is  evident  that  a  high  degree 
of  accuracy  is  possible.  Still  more  than  before,  however,  are  well-polished 
crystals  required,  so  that  in  many  cases  the  use  of  the  ordinary  double  tele- 
scopes is  impossible.  Very  often  the  hair-cross  of  the  second  telescope  may 
be  advantageously  replaced  by  a  bright  line  or  cross,  the  light  shining  tnrough 
a  cross  cut  in  tin-foil  (Schrauf),  or  as  given  by  the  analogous  Websky  signal. 
This  light-signal  is  visible  in  the  first  telescope  even  when  the  planes  are 
extremely  minute,  or,  on  the  other  hand,  somewhat  rough  and  uneven;  even 
if  the  imago  is  not  perfeetly  distinct,  it  may  be  suflBciently  so  to  admit  of  fairly 
good  measurements  (e.g,,  within  two  or  three  minutes). 

210.  Horizontal  Ooniometer. — A  form  of  reflecting  goniometer  well  adapted 
for  accurate  measurements  is  shown  in  Fig.  345,  It  is  made  on  the  Babinet 
type,  with  a  horizontal  graduated  circle;  the  instruments  of  the  Mitscherlich 
type,  just  described,  having  a  vertical  circle.  The  horizontal  circle  has  many 
advantages,  especially  when  it  is  desired  to  measure  the  angles  of  large  crystals 


*  When  planes  are  ronc;b  and  destitute  of  luster  the  angles  can  often  best  be  obtained 
by  use  of  a  candle-flame,  the  diffuse  reflection  of  which  in  the  given  face  lakes  the  place  of 
niore  distinct  images.  For  embedded  crystals,  nnd  often  in  other  cases,  measurements  may 
be  very  advantageously  made  from  impressions  in  some  material,  like  sealing-wax.  Angles 
thus  obtained  ought  to  be  accurate  within  one  degree,  or  even  less,  and  sufl3ce  for  many 
purposes.  It  is  sometimes  of  advantage  to  attach  to  the  planes  to  be  measured,  when  quite 
rough,  fragments  of  thin  glass,  from  whicli  reflections  can  be  obtained;  this  must,  however, 
be  done  with  aire,  to  avoid  considerable  error.  Occasionally  dusting  the  surface  with 
graphite  makes  a  ''shimme'  "  niensurcment  with  the  caudle-flame  possible,  or,  again, 
covering  it  with  a  thin  film  of  gum  arable. 
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or  those  which  are  Attached  to  the  rock.    Thia  particnlar  form  of  instrament 
here  figured*  is  made  by  R.  Fuess  in  Berlin. 

The  instrament  stantia  on  a  tripod  with  leveling  screws.  The  central 
axis,  0,  has  within  it  a  hollow  a^is,  b,  with  which  turns  the  plate,  d,  carrying 
the  Terniers  and  also  the  obserTing  telescope,  the  upright  support  of  wliich  is 
shown  at  B.  Within  d  is  a  second  hollow  axis,  e,  wIiicTi  curries  the  graduated 
circle,/,  above,  and  whicbis  tarnedby  thescrew^head,  17;  the  tangent  screw,  ir, 
serves  as  a  fine  adjustment  for  the  observing  telescope,  li,  the  screw,  c,  being 
for  this  purpose  raised  so  as  to  bind  b  and  e  together.  The  tangent  screw,  /V, 
is  a  fine  adjustment  for  the  graduated  circle.  Again,  within  e  is  the  third 
axis,  h,  turned  by  the  screw-head,  t,  and  within  h  is  the  central  rod,  which 
carries  the  support  for  the  crystal,  with  the  adjusting  and  centering  con- 
trivances mentioned  below.     This  rod  can  be  raised  or  lowered  by  the  screw,  k. 


10  as  to  bring  the  crystal  to  the  proper  height— that  is  np  to  the  axis  of  the 
telescope;  when  this  has  heen  ucromplished  the  clamp  at  p  turned  by  a 
set-key,  binds  s  to  the  axis  A  I  he  muToment  of  A  can  take  place  inde- 
pendently of  g  but  after  the  crystal  la  ready  for  measurement  these  two  axes 
are  bound  together  by  the  set  screw  I  1  he  signal  telescope  is  supported  at  0, 
firmly  attached  to  one  of  the  legs  of  the  tripod  Ihe  crystal  is  mounted  on 
the  plate,  m,  with  wai,  the  plate  is  clnmped  by  the  screw,  v.  The  centering 
apparatus  consists  of  two  slides  at  right  angles  to  each  other  (one  of  these  is 
shown  in  the  figure)  and  the  screw,  a,  which  works  it;  the  end  of  the  ntlier 
corresponding  screw  is  seen  at  a'.  The  niljusHug  arrangement  consists  of 
two  cylindrical  nsctlons,  one  of  them,  r,  shown  in  the  figure,  the  other  is  at  r'; 
the  cylinders  have  a  common  center. 

*  The  figure  heri.'  used  \»  rroiti  the  catalogue  of  Fuess. 
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The  circle  is  graduated  to  degrees  and  quarter  degrees,  and  the  vernier 
gives  the  readings  to  30'%  but  by  estimate  they  can  be  obtained  to  10'%  The 
signals  provided  are  four  in  number,  each  in  its  own  tube,  to  be  inserted 
behind  the  collimator  lens;  these  are:  (1)  the  ordinary  telescope  with  the 
hair-cross,  to  be  used  in  the  case  of  the  most  perfect  faces;  (2)  the  commonly 
used  signal,  proposed  by  Websky,  consisting  of  two  small  opaque  circles, 
whose  distance  apart  can  be  adjusted  by  a  screw  between  them;  the  li^ht 
passing  between  tiiese  circles  enters  the  tube  in  a  form  resembling  a  douole 
concave  lens;  also  (3)  an  adjustable  slit;  and,  finally,  (4)  a  tube  with  a  single 
round  opening,  very  small.  There  are  four  observing  telescopes  of  different 
angular  breadth  of  field  and  magnifying  power,  and  hence  suitable  for  faces 
varying  in  size  and  in  degree  of  polish. 

The  methods  to  be  employed,  both  in  making  the  preliminary  adjustments 
required  by  every  instrument  before  it  can  be  used  and  in  the  actual  measure- 
ment of  the  angles  of  crystals,  have  been  described  by  Websky  *  with  a  fullness 
and  clearness  which  leave  nothing  to  be  desired,  and  reference  must  be  here 
made  to  his  memoir. 

211.  Theodolite-Ooniometer. — A  form  of  goniometer  f  having  many  practical 
advantages  has  two  independent  circles;  it  can  be  used  in  a  manner  analogous 
to  that  of  the  ordinary  theodolite,  as  will  appear  below.  Instruments  of  this 
type  have  been  devised  independently  by  Fedorow,  Czapski,  and  Goldschmidt. 
In  addition  to  the  usual  graduated  horizontal  circle  of  Fig.  345,  and  the  two 
accompanying  telescopes,  a  second  graduated  circle  is  added  which  revolves  in 
a  plane  at  ri^it  angles  to  the  first;  to  the  latter  the  crystal  to  be  measured  is 
attached,  with  the  addition  of  suitable  adjusting  and  centering  contrivances. 

By  this  instrument,  instead  of  the  interfacial  angles  being  measured 
directly,  the  position  of  each  face  is  determined  independently  of  others  by 
the  measurement  of  its  angular  co-ordinates.  These  co-ordinates  are  the  angles 
(0  and  p  of  Goldschmidt)  measured,  respectively,  in  the  vertical  and  horizontal 
circles  from  an  assumed  pole  and  meridian,  which  are  fixed,  in  most  cases,  by 
the  symmetry  of  the  crystal.  In  practice  the  crystal  is  usually  so  mounted 
that  the  prismatic  zone  is  perpendicular  to  the  vertical  circle  and  a  pinacoid 
in  this  zone  is  the  zero  point.  For  example,  with  an  orthorhombic  crystal,  for 
the  face  111,  the  ansfle  0  is  equal  to  010  A  HO  and  p  to  001  A  HI  for  the 
given  species.  Goldschmidt  has  shown  that  this  instrument  is  directly 
applicable  to  the  system  of  indices  and  methods  of  calculation  and  projection 
adopted  by  him,  which  admit  of  the  deducing  of  the  elements  and  symbols 
of  a  given  crystal  with  a  minimum  of  labor  and  calculation.!  Fedorow  has 
also  shown  that  this  instrument,  with  the  addition  of  the  appliances  devised 
by  him,  can  be  most  conveniently  used  in  the  crystallographic  and  optical 
study  of  crystals. 


♦See  Websky.  Zs  Kryst..  3.  241.  1879;  4.  545.  1«80;  al«o  LleWsch,  Bericht  nber  die 
ivi9»fMYHrbnft1icben  iDStnimente  auf  der  Berliner  Gewerbeausstelluog  im  Jabre  1879, 
pp.  880-883 

t  Fedorow,  Universal  or  Theodollt- Goniometer.  Zs.  Kn'st..  21,  574.  1893;  22.  229, 
1898:  ('zapskf,  Zoftsrlir.  f.  InRfnimpntonknnde,  1,  1893;  Goldscbmidt  Zs.  Krvst.,  21,  210, 
1892;  24.  610.  1895;  26.  321.  538.  189d.  On  tbe  mefbod  of  GoldRobmldf.  seePnlncbe.  Am. 
J.  Sc.,  2,  279.  1896.  A  simplified  form  of  tbe  tbeodolile-goniomeler  is  described  by 
8i0lv»r,  Zs.  Kry»t..  29.  25.  1897. 

tOoldscbmidfs  latefit  contribntion  to  tbis  pnbject  is  bis  work,  Krystallo^rrapblscbe 
Winkeltnbellen  (482  pp..  Berlin.  1897).  This  gives  tbe  angles  required  by  bis  system 
for  all  knowD  species.  8ee  also  Zs.  Kryst.,  29,  361,  1898. 


CBTSTALLOQRAPHT. 


COMPOUND  OR  TWIN  CRYSTAIS. 

212.  Twin  CrritalB, — Twin  crystaJB  are  those  in  which  one  or  more  parts 
regalarlv  arranged  are  in  reverse  position  with  reference  to  the  other  part  or 
parts.     They   often   appear  externally   to  consist  of  two  or  more  ci7stal8 

Smmetricallv  nnited,  aud  sometimes  have  the  form  of  a  cross  or  star.     They 
10  exhibit  the  composition  in  the  reversed  arrangement  of  part  of  the  faces. 


in  the  strife  of  the  surface,  and  in  re-entering  angles;  in  certain  cases  the 
compound  stmcture  can  only  be  surely  detected  by  an  examination  in  polarized 
light.  The  above  figures  (Figs.  346-34S)  are  examples  of  typical  kinds  of 
twin  ci^stals,  and  many  others  are  given  on  the  pages  following. 

To  illustrate  the  relation  of  the  parts  in  a  twin  crystal,  Figs.  349,  350  are 
given.  Fig.  349  shows  a  regular 
octahedron  divided  into  two 
halves  by  a  plane  parallel  to  an 
octahe<lal  face.  If  now  the 
lower  half  be  supposed  to  be ' 
revolved  ISO"  about  an  axis 
normal  to  this  plane,  the 
twinned  octahedron  of  Fig.  350 
results.  This  is  a  common 
type  of  twin  in  the  isometric 
system,  and  the  method  here 
employed  to  describe  the  posi- 
tion of  the  parts  of  the  crystal  to  one  another  is  applicable  to  nearly  all  twins. 
213.  It  is  important  to  anderstand  that  crystals,  or  parts  of  crystals,  so 
grouped  as  to  occupy  parallel  positions  with  reference  to  each  other — that 
is,  those  whose  similar  faces  are  parallel — are  not  called  twins;  the  term  is 
applied  only  where  the  crystals  or  parts  of  them  are  nnited  in  tlieir  reversed 
position  in  accordance  with  some  deducible  mathematical  law.  Thns  Fig. 
351,  which  represents  a  cluster  of  partial  crystals  of  analcite,  is  said  to  be  a 
case  of  pnrnllel  grouping  simplv  (cea  Art.  231);  but  Fig,  369  illustrates  twin- 
ning, and  this  is  true  of  Fig.  3T8  njso.  Since  though  in  those  cases  the  axes 
remain  parallel  the  similar  faces  (and  planes  of  symmetry)  are  reversed  in 
position. 
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814.  Twinnlng-axii. — The  relative  position  of  the  parts  of  a  twinned 
cryatal  can  be  best  described  as  just  explniued,  bj  reference  to  that  line  or  azia 
oaJled   the   twinning-axis,  a  revolution  of  ISU    about  ^^^ 

which  would  serve  to  bring  the  twinned  part  parallel  to 
the  other,  or  in  other  words,  which  would  cause  oue  of 
the  parallel  parte  to  take  a  twinned  position  relatively 
to  the  other. 

The  twinning-axis  is  always  a  possible  crystalline 
line — that  is,  either  a  crystallographic  axis  or  the  normal   . 
to  some  possible  face  on  the   crystal,  usually  one  of 
the  common  fundamental  forms. 

It  is  not  to  be  supposed  that  ordinary  twins  have 
actually  been  formed  by  such  a  revolution  of  the  parts 
of  crystals,  for  all  twins  (except  those  of  secondary 
origin,  see  Art.  221)  are  the  result  of  regular  molecular 
growth  or  enliirgement,  like  that  of  the  simple  crystal.  This  reference  to  a 
revolution,  and  an  axis  of  revolution,  is  only  a  convenient  means  of  describing 
the  forme. 

In  certain  rare  cases,  particularly  of  certain  pseu  do -hexagonal  species,  a 
revolution  of  60°  or  1?0°  about  a  normal  to  the  base  has  been  assumed  to 
explain  the  complex  group  observed. 

216.  T winning-plane. —The  plane  normal  to  the  axis  of  revolution  is 
called  the  tminning-plnne.  The  axis  and  plane  of  twinning  bear  the  same 
relation  to  both  individuals  in  their  reversed  position;  consequently,  in  tlie 
majority  of  cases  the  twinned  crystals  are  symmetrical  with  reference  to  the 
t  winning-plane. 

The  twinning-plane  is,  with  rare  exceptions,  parallel  to  a  possible  occurring 
face  00  the  given  species,  and  ubuhII;  one  of  the  more  frequent  or  fundamental 
forms,  Tlie  exceplions  occur  only  in  the  tricliuic  and  moiioclinic  systems, 
where  the  twinuing-axis  is  sometimes  one  of  the  oblique  crystallographic  axes, 
and  then  the  phme  of  twinning  normal  to  it  is  obviously  not  necessarily  a 
crystallographic  plane;  this  is  conspicuously  true  in  albite. 

216.  Compoaition-plane. — The  plane  by  which  the  reversed  crystals  are 
nnited  is  the  cvmposilioH  plane.  This  and  the  twinning-plane  very  commonly 
coincide;  this  is  true  of  the  simple  example  given  above  (Fig-  350),  where 
the  plane  almut  which  the  revolution  may  be  conceived  to  take  place  (normal 
to  the  twinning-axis)  and  the  plane  by  which  the  semi-individuals  are  nnited 
are  identical.  When  not  coinciding,  the  two  planes  are  generally  at  right 
angles  to  each  other— that  is,  the  composition- plane  is  parallel  to  the  axis  of 
revolution.  Examples  of  this  are  given  beyond.  Still  again,  where  the 
crystals  are  not  regularly  developed,  and  where  they  interpenetrate,  the  contact 
surface  may  be  interrupted,  or  may  be  exceedingly  irregular.  In  such  cases 
the  axis  and  plane  of  twinning  have,  as  always,  a  definite  position,  but  the 
com  posit  ion -plane  loses  its  significance. 

Thus  in  quartz  twins  the  interpenetrating  parts  have  often  no  rectilinear 
boundary,  but  mingle  in  the  most  irregular  manner  throughout  the  mass, 
showing  this  composite  irregularity  by  abrupt  variations  in  the  character  of 
the  sni^aces.  This  irregnlar  internal  structure,  found  in  many  quartz  crystals, 
even  the  common  kinds,  is  well  brought  out  by  means  of  polarized  light;  also 
by  etching  with  hydrofluoric  acid. 

The  composition-plane  has  sometimes  a  more  definite  signification  than  the 
twinning-plane.    This  is  due  to  the  fact  that  in  many  cases,  whereas  the  former 
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is  fixed,  the  twinnin^-azu  (and  twinniDg-plane)  may  be  exchanged  for  another 

line  (and  plane)  at  right  angles  to  each,  reBpectively;  since  a  revolution  about 

363.         the  eecoud  axis  will  also  satisi;  the  conditions  of  producing  the 

s^;3^ ^   required  form.     An  example  of  this  is  furnished  by  Fig.  352,  of 

ortaoclase;  the  composition-plane  is  here  fixed — namely,  parallel 
to  the  crystal  face,  b  (OIU).  But  the  axis  of  revolution  may  be 
either  (I)  parallel  to  this  face  and  normal  to  a  (100),  which  is 
tlien  oonse<iuently  the  twinniug-plane,  though  the  axis  does  not 
coincide  with  the  cry  stall  ograpnic  axis;  or  {'i)  the  twinning-axis 
may  be  tal^eu  as  coinciding  with  the  vertical  axis,  and  then  the 
twinning-plane  normal  to  it  is  not  a  crystallograpliic  face.  In 
other  simpler  cases,  also,  the  same  principle  holds  good,  generally 
ill  consequence  of  the  possible  mutual  interchange  of  tue  planes 
of  twinning  and  composition.  In  most  cases  the  true  t winning-plane  is 
evident,  since  it  is  parallel  to  some  face  on  the  crystal  of  simple  mathematical 
ratio. 

217.  Ad  fnt«r«silDg  example  of  tlie  possible  cliolce  between  two  twinnlng-axes  nt  right 
aoglei  to  eiLch  [>tlier  Is  f-jrulaiie<l  liy  the  Bpecli'i  atniirollte.  Fig.  4(19  sliowa  n  prfsmnttc  twin 
fromF&DulD  Co..  (in,  Tbe  tiK-nsured  iimrle  for  W  was  70°  30'.  Tbe  twinninu-nifa  deduced 
from  Diis  may  be  DormnI  tu  tbc  fnce  (i'M),  nlilib  wi.iild  tben  be  tbu  twinning- plane.  Or, 
iosieiid  of  Ibis  axis,  its  complemcntury  nils  nt  rigbt  niiglm  In  it  miiy  be  lakeii,  u  bicb  would 
equnlly  well  produce  tlie  observed  form.  Now  in  tliis  st>ecl(«  it  bippeiii  that  the  fnces,  iSO 
and  230  (over  tOO),  are  almost  exactly  nt  rigbt  angles  with  eiicli  othei-,  and,  nccurding  to  tbe 
latter  ■iippo'iiion,  ]::0  iKcnmcs  Ihu  twlnnlng-pliine.  ninl  tbe  axis  of  revolution  is  nunnal  to 
It.  Hence,  eiihcr  230  or  180  mnj  be  Ihe  Iwinning-pbine,  dther  siipposillcm  sgreelog  clo«e]y 
witii  Ibe  mcnsured  angle  (wbicli  could  not  be  oblaitied  willi  great  ncciiniry).  Tlie  f'jmicr 
nielhod  of  twinning  (tw.  pt.  380)  coofcirnis  1o  tbe  olliur  twins  ubservud  on  tlie  species,  and 
Lence  it  may  be  ncceplcd.  Wbal  is  true  iu  tliin  cnse,  however,  is  nol  alwrtys  true,  fur  it 
will  SL-ldotn  happen  that  of  the  two  cnrnplemcDtnry  nxes  each  Is  so  ne&rlv  ndrmii]  to  a  face 
oF  tbe  crystal  In  most  case*  one  of  ibo  two  axes  oonforms  to  ibc  law  in  belnKfi  normal 
to  a  pi'siiblv  face,  and  the  other  does  not,  and  hence  there  is  no  doubt  as  to  which  la  the 

Another  inifiestingcnse  !s  thai  furoislied  by  cobinibiie.  Tbe  common  Iwbis  of  tbe 
species  are  similiir  to  Fig.  347.  p.  118.  and  biive  «(U31)  as  ihe  twinning-planG:  bnt  twins 
also  occur  liltc  Fij;.  404.  p.  13S.  where  ilie  twinning-plnne  Is  g(')33).  Tbe  two  luces,  021 
and  033.  are  neiiily  at  light  iinglcs  to  each  othi'r,  but  ibe  measured  angli's  aie  lu  Ibis  case 
iufflcl''ntly  i-iiict  to  prove  that  tljc  two  kinds  cniinol  be  refcrreil  to  one  and  tbe  same  law. 

218.  Contact-  and  Fenetration-twins. — In  conliict-twina,  when  normully 
formed,  tlie  two  halves  are  simply  connate,  being  united  to  each  other  by  the 
compositton-]i1une;  they  are  illustrated  by  Figs.  347,  350,  etc.  In  actually 
occurring  crystals  the  two  parts  are  seldom  symmetrical,  as  demanded  by 
theory,  bnt  one  may  preponderate  to  n  greater  or  less  extent  over  tlie  other; 
in  some  castis  only  a  small  portion  of  the  second  individual  in  the  reversed 
position  may  exist.  Very  great  irregularities  are  observed  in  nature  in  thia 
respect.  Moreover,  the  re-entering  angles  are  often  obliterated  by  the  abnormal 
developments  of  one  or  other  of  the  purts,  and  often  only  an  indistinct  lino  on 
some  of  the  faces  marks  the  division  between  the  two  iu'dividnals. 

PenelriitioH-twinx  are  those  in  which  two  or  more  complete  crystals  inter- 
penetrate, us  it  were  crossing  through  each  other.  Normally,  the  crystals  have 
a  common  center,  which  is  the  center  of  the  axial  system  for  both;  practically, 
however,  as  in  con  tact- twins,  great  irregularities  occur. 

Examples  of  twins  of  this  second  kind  are  eiven  in  the  annexed  figures. 
Pig.  353  of  fluorite,  Fig.  354  of  tetrahedrite,  and  Fig.  3.")5  of  ohabitzite.  Other 
examples  occur  in  the  pages  following,  as,  for  instance,  of  the  species  stauroHte 
(Figs.  408—111),  tbe  crystals  of  which  sometimes  occur  in  nature  with  almost 
the  perfect  symmetry  demanded  by  theory.     It  is  obvious  that  the  distinction 
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between  coutact-  and  penetration-twine  is  not  of  great  importance,  and  the  line 
oannot  elw&ye  be  clearly  drawn  between  them. 


FlDorite. 


Tetnbedrfte. 


Cliabazlte. 


Rutilfl. 


nt.  Tiragmia  uid  Hatftgenln  Twin*.— Tlie  <lliit<tici(nn  of  pi<mj;eD<c  nnd  melngenic  twioB 
beloiiKS  raibur  to  crvHtiil!ai;«ijy  thim  cryHtikllogrnplij.  Yd,  tlie  furuia  are  ofieu  so  uliTiously 
distinct  tJint  &  brief  niiike  of  llic  ilisiincll'iii  la  liiiporUiiir. 

Id  ordiiinry  Iniiit,  ihe  cuinpoiiDd  Btriictiire  bul  its  beginniug  Id  ^"^■ 

a  nuclcal  comiMiLind  molecule,  or  was  ciiiiipoiind  in  ila  very  origlii. 
and  whalever  iueqi'iillllL's  In  ibe  result,  tlicsu  are  only  IrreRiiliirllifi 
fu  the  devel'ipnieiii  fnim  biicU  a  iiiitleua.     Bui  in  oiliei-s,  lliu  crystal 
wasatflrBt  simple;  and  aflerunrds.  tbrciugli  some  change  iu  jiHelf  o 
Id  the  c<>ndlilon  'if  Ihe  material  HiipplieiT  for  ita  iucreaae,  receivi-i 
newlHjers,  oru  ODtlDunlion.  in  a  reversed  position.     Tliia  moile  nf 
twinning  is  meVigeaie.  iir  a  rcsnll  subsequent  lu  Ibe  origin  of 
cryslali  while  Ibe  oidiiiary  mode  )s  parngeiiie.     One  form  of  il 
illustnitrft  in  Fi;;.  856.    The  middle  imrtion  hnd  nibdncd  n  length  of 
balf  nn  Inch  or  more,  noil  tlien  liecnme  genlcnlnti'd  tiimnllnDenngly 
at  either  eitreinlly.    These  geniculntlons  are  often  repeateil  In  ruiile,   ' 
and  tlie  emla  of  the  crystal  lire  tbiis  I'eut  Into  one  auiitber,  and 
occasiounlly  produce  neiirly  regnlnr  prismatic  forma. 

This  metngenic  twinning  is  aometimeB  presented  by  tlie  succeaslTe 
biyeraof  deposition  in  arrysliit.  as  in  somi-qniiru  crynlnia,  estu-cliilly 
amelhysl,  liie  inseparible  laver<,  exceedingly  tl>In,  bi'ing  of  orposile  klnda  Id  a  Blmllir 
manner,  crystals  ot  the  irlcUnlc  feldspars,  alblle,  etc.,  arc  often  made  up  of  thiu  plaica 
parallel  to  b  (0IO>,  by  o<cilta1ory  cumpusillon.  and  the  face  e  (001),  accordingly,  is  tiDeljr 
■triati'd  pandlei  to  the  edge  c,  b, 

220.  Repeated  Twinninfr,  Polyiynthetie  and  SymmetricaL— In  the  precedinff 
paragraph  one  case  of  repeated  twinning  has  been  mentioned,  that  of  the  feid^ 
spars;  it  is  a  case  of  parallel  repetition  or  parallel  grou}^ing  in  reversed  position 
of  sncceBaire  crystalline  JnmellEe.  This  kind  of  twinning  is  often  called  poly- 
synthetic  twinning,  tbe  lanielliB  in  many  cases  being  extremely  thin,  and  giving 
rise  to  a  series  of  parallel  lines  (striations)  on  a  crystal  face  or  a  Eurface  of 
cleavage.  The  triclinic  feldapara  show  in  many  cases  polysynthetic  twinning 
and  not  infrequently  on  both  c  (001)  and  b  (010),  cf.  p.  130.  It  is  also  observed 
with  magnetite  (Fig.  456),  pyroxene,  barite,  etc 

Another  kind  of  repeated  twinning  is  illustrated  by  Figs.  357-363,  where 
the  successively  reversed  individuals  are  not  parallel.  In  tliese  cases  the  axea 
may,  however,  lie  in  a  zone,  as  the  prismatic  twins  of  aragonite,  or  they  may 
be  inclined  to  each  other,  as  in  Fig.  359  of  staurolite.  In  all  such  cases  the 
repetition  of  the  twinning  tends  to  produce  circular  forms,  wlien  the  angle 
between  the  two  axial  systems  is  an  aliquot  part  of  360°  (approximately). 
Thns  Bix^rayed  twinned  crystals,  consisting  of  three  individuals  (hence  called 
triilittgK),  occur  with  chrysoberyl  (Fig.  357),  or  cerussite  (Fig.  358),  or  staurolite 
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(Fig.  359),  since  tbree  times  the  angle  of  twinning  in  each  cue  is  not  far  from 
360  .    Again,  five-fold  twins,  or  fivetingt,  occnr  in  the  octahedrons  of  gold  and 


Spioel. 


Rutlle. 


PhiUipBlte. 


■epinel  (Fig.  360),  since  5  X  70°  32'  =  360°  (approx.)-  Eight-fold  twins,  or 
«j;^/i//in^#,  of  rutile(FigB.  361,357)  occur,  since  the  angle  of  the  axes  in  twinned 
position  goes  Hp^roiimately  eight  tlniee  in  360°. 

Kepeated  twinning  of  the  symmetrical  type  often  serves  to  give  the  com- 
pound crystal  an  apparent  symmetry  of  higher  grade  than  tliat  of  the  simple 
individual,  nnd  the  result  is  often  spoken  of  as  a  kind  of  pBeudo-8ynimetry(Art. 
20),  cf.  Fig.  397  of  aragonite,  which  represeuts  a  pxeudo-kexagonal  crystal. 
Fig.  36S  of  phiDipsite  (cf.  Figs.  423-424)  is  an  interesting  case,  since  it  snows 
how  a  multiple  twin  of  a  monoclinic  crystal  mnj  simulate  an  isometric  crystal 
(dodecahedron). 

Compound  crystals  in  which  twinning  exists  in  accordance  with  two  laws 
at  once  are  not  of  common  occurence;  an  excellent  example  is  afforded  by 
staurolite,  Fig.  411.  They  have  also  been  observed  on  albite,  orthoclaae,  and 
in  otlier  cases. 

231.  Secondary  Twinning. — When  there  is  reason  to  believe  that  the  twin- 
ning has  been  produced  subsequently  to  the  original  formation  of  the  crystal, 
or  crystalline  mass,  as,  for  example,  by  pressure,  it  is  said  to  be  necoiidari/. 
Thus  the  calcite  grains  of  a  crystalline  limestone  often  show  snch  secondary 
twinning  lamollse.  The  same  are  occasionally  observed  ([c,  001)  in  pyroxene 
crystals.    Further,  the  polysynthetic  twinning  of  the  triclinic  feldspars  is  ottftsa 
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■econdar;  in  origin.  This  subject  is  further  discussed  on  a  later  page,  where 
it  is  also  explained  that  in  certain  cases  twinning  maj  be  produced  artificially 
in  a  crystal  indiridual — e.g.,  la  calcite  (see  Art  261). 


EXAMPLES  OP  IMPORTANT  METHODS  OP  TWINNING. 

222.  laometrio  Byrtem.— With  few  exceptions  the  twins  of  the  normal 
group  of  this  svetem  are  of  one  kind,  the  twinning-axis  an  octahedral  axis,  and 
the  t winning-plane  consequently  parallel  to  an  octahedral  face;  in  most  cases, 
also,  the  latter  coincides  with  the  composition-plane.  Fig.  350,  p.  1  Itf,*  shows 
this  kind  as  applied  to  the  simple  octanedron;  it  is  especially  common  with  the 
spinel  group  of  minerals,  and  is  hence  called  in  general  a  apinel-tvsin.  Pig. 
363  is  a  simitar  more  complex  form;  Pig.  364  shows  e  cnbe  twinned  by  this 


Copper. 


method,  and  Pig.  365  represents  the  same  form  but  shortened  in  the  direction 
of  the  octahedral  axis,  and  hence  having  the  aoomaloas  aspect  of  a  triangular 
pyramid.     All  these  oases  are  contact-twins. 

Penetration-twins,  following  the  same  law,  are  also  common.     A  simple 
case  of  flnorite  ia  shown  in  Pig.  353,  p,  131;  Pig.  366  shows  one  of  galena; 


Fig.  367  is  a  repeated  octahedral  twin  of  hauynite,  and  Pig. 
twin  of  sodalite. 


Bodallie. 

368  a  dodecahedral 
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,  In  the  pyritohtdral  group  ot  the  isometric  Bystem  penetration- twins 

—  of  the  type  ehowii  in  Fig.  3G9  are  common  (this  form  of 

pyrite  is  often  called  the  I'roM  crosv).    Hem  the  cubic 

axis  ia  the  twinniug-asis,  and  obviously  such  a  twin  is 

impossible  in  the  normal  group. 

Figs,  371)  and  371  show  aualogonB  forins  with  parallel 

)  axes  for  crystals  belongiug  to  tlie  tetrahedi-al  group. 

The  peculiar  development  of  Fig.  370  of  tetrabedrrte  is 

to  be  noted.     Fig.  373  is  a  twin  of  tbe  ordinary  spinel 

type  of  another  tetrabedral  Bpecies,  sphalerite ;  with  it, 

complex  forms  with  repeated  twinning  are  not  uncommon 

Pyrite.  and  sometimes  polysyntbetic  twin  lamellae  are  noted, 

224.  Tetragonal  System, — The  most  common  method  ie  that  wliero  the 

twinning-plane  is  parallel  to  a  face  of  the  pyramid,  e  (101).     It  ia  especially 

characteristic  of  the  species  of  the  rntile  group — viz.,  rutile  and  cassiterite; 

370.  371.  373. 


Telinliedriie.  Eulyiiie.  Splmlcrlle. 

also  similarly  tbe  allied  species  zircon.  This  is  illustrated  in  Fig.  373,  and 
again  in  Fig.  374.  Fig.  376  shows  a  repeated  twin  of  rutile,  tbe  twinning 
according  to  this  law;  tbe  vertical  axes  of  the  successive  six  indiriduals  lie 
in  a  plane,  and  an  inclosed  circle  is  the  result.  Another  repeated  twin  of  rutile 
373.  374.  37S. 


Zircon. 


according  to  the  same  law  is  shown  in  Fig.  361;  here  tbe  successive  vertical 
axes  form  a  zigzag  line;  Fig.  376  shows  an  analogous  twin  of  hausmiinnite. 

Another  kind  of  twinning,  twinnirig-plane  parallel  to  a  face  of  tbe  pyramid 
(301),  is  shown  in  Fig.  377. 

226.  In  the  pyraniidi<l  group  of  the  same  system  twins  of  the  type  of  Fig. 
378  are  not  rare.  Here  tbe  vertical  axis,  i,  is  tbe  twianing-axis;  such  a 
crystal  may  simulate  one  of  the  normal  group. 


EXAHPLBB  or  lUPORTAMT  METHODS  OF  TWINKIKO. 
37«.  377.  378. 


Hangman  nile.  Ruttle.  Scheellte. 

Tn  chalcopyrite,  of  the  sphenoidal  group,  twinning  vith  a  face  of  the  unit 

Syramid,  /  (111),  as  the  twiTiiiiiig-pIune  is  common  (Fig.  379).     As  the  angles 
iffer  but  a  small  fraction  of  a  degiee  from  those  of  a  regular  octuliedron,  such 
tvins  often  resemble  closely  spin  el-twins.     In  Fig.  380  u  repeated  twin  of  this 
type  has  a  psi-ndo-rhombohedial  aspect.     In  Fig.  381  the  twiuuing-plaue  ifl 
«  (lOl).     Other  rarer  kinds  of  twinning  have  also  been  noted. 
379. 


CI  ml  copy  rile. 

226.  Hexagonal  System. — In  the  hexagonal  division  of  this  systGni  twins 
382.  are  nire.     An  example  is  furnished  by  pyrrholito,  Fig. 

38^,  where  tiie  t winning-plane  is  the  pyramid  (lOll),  the 

Tertical  axes  of  the  individual  crystals  being  nearly  at 

right  angles  to  each  other  {since  OOOl  A  1011  =  45°  8'). 

.  Apparent  cruciform  twins  of  apatite,  of  the  pyramidal 

\  gronp,  have  been  uoted  in  some  rare  cases.     Here  the 

'   JL^=i^  'diagonal  pyramid  s  (HSl)  was  the  plane  which  seemed 

ci= —  to  be  the  twinning-plane.     These  cases  need  confirma- 

Pyrrlii.ilie.  tion. 

227.  In  the  species  belonging  to  the  trigonal  or  rhovtbohedral  division, 
twins  are  common.  Thus  the  twinning-axis  may  be  the  vertical  axis,  as  in  the 
contact-twins  of  Figa.  383  and  384,  or  tht^  penetration-twins  of  Figs.  348,  385. 
Or  the  twinning-plane  may  be  the  obtuse  rhombohedron  e  (OliS),  as  in  Fig. 
386,  the  vertical  axes  crossing  at  aiiples  of  127^°  and  53^°;  these  forms  are 
often  cnrionslv  distorted,  as  in  Figs.  387,  388.  Again,  the  twinnlng-phme  may 
be  r  (lOll),  as  in  Fig.  389,  the  verticil  nies  nearlv  at  right  angles  (901°);  or 
<052!),  as  in  Fig.  390,  tlie  axes  inclined  5:iJ°  and  ISCJ".  In  Fig.  391  of 
^melinite  tlie  twinning-plane  is  the  rhombohedron  (3033),  which  corresponds 
in  angle  with  the  common  fundamental  form  of  the  allied  species  chabazite. 
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Figs.  886-3S0,  C'Hlciie.  Fig.  391,  Gmeliuite. 
In  the  trapezuhedrnl  group,  the  species  quartz  Bhows  several  methods  of 
twinning.  Iii  Fig.  392  tjie  twinning-plaiie  is  the  dingonal  pyramid  £  {llS2j, 
the  axes  crossing  at  angles  of  84j°  and  95j°.  In  Pig.  393  tne  twinning-axis 
is  (!,  the  axes  hence  paraljei,  the  individuals  both  riglit-  or  both  left-handed 
but  unaymmetrical,  r  (1011)  then  parallel  to  and  coinciding  with  z  (0111).  The 
resulting  forms,  as  in  Fig.  393,  are  mostly  penetration-twins,  and  the  parta  are 
often  very  irregularly  united,  as  shown  by  dull  areas  iz)  on  the  plus  rhonnbo- 
hedral  face  (r);  otherwise  these  twins  are  recognised  by  pvro-elcdtrical  phe- 
nomena. In  Fig.  394  the  twiiining-plane  is  a  {\\^<i)—i\\a'  lirazil  ?rtw— the 
individuals  respectively  right-  and  left-handed  and  the  twin  synunetrical  with 
reference  to  an  d-face;  these  are  usually  irregular  penetration-twins;  iu  these 
twins  r  and  r,  also  z  and  z,  coincide,  i'hese  twins  often  show,  in  converging 
polarized  light,  the  phenomenon  of  Airy's  spirals.  It  may  be  added  that 
pseudo-twina  of  quartz  are  common — that  is,  groups  of  crystals  which  nearly 
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conform  to  Bome  more  or  less  complex  twinning  law,  but  where  the  grouping 
is  nevertheless  only  accidental.  See  also  the  remarks  in  Art.  232  about 
Fig.  433. 


Figs.  802-804.  Qunrtz.    Pig.  305,  Pbeoftcfte. 

In  Fig.  395  of  phenacite  (cf.  p.  80  el  seq.)  the  vertical  axis  is  obviously  the 
twinning- ax  is. 

228.  Orthorfaombic  Syitem. — In  the  orthorhombic  avstem  the  commonest 
method  of  twinning  is  that  where  the  twinning-plane  is  a  face  of  a  prism  of 


396. 


397. 


/^^7\ 


Figs.  396-308,  Aragoblte. 


60  ,  or  nearly  60°.  This  is  well  shown  with  the  species  of  the  aragoiiite  ([roup. 
In  accordance  with  the  principle  dtated  in  Art.  220,  the  twiiining  after  this 
law  is  often  repeated,  and  thus  forms  with  pseud o-hexaffonal  syninietrv  result. 
FiR.  396  shows  a  simple  twin  of  aragonite:  Figs.  307,  3ftS  reppflteVi  forn.o 
exhibiting  the  irregularities  on  the  faces  due  to  the  fact  that  the  prismati" 
angle  is  not  exactly  60°,  Pic.  399.  a-e.  show  further  some  of  the  methnds  of 
composition  which  have  boei:   noted;    in   e  tho  twinning  is   polyFyntludic. 
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With  witfaerite  (and  bromlite),  apparent  hexagonal  pyramids  (Figs.  400,  401) 
are  commoD,  bat  the  true  couiukx  twiiiniiig  is  revealed  in  polarized  light, 
400  401.  "  noted  litter. 

Twiuiiitig  of  the  same  type,  but  where  a  dome  of 
60°  is  twiiiiiiDg- plane,  is  common  with  arsenopjrite 
(tw.  pi.  6  (101),  as  shown  in  Figs.  Vii.  403;  also  Fig.  404 
of  colombite,  but  compare  Fig.  347  and  remarks  in 
Art.  217.  Another  example  is  given  iu  Fig.  357  of 
alexandrite  (chry  so  beryl).  Chrysolite,  man^nite, 
hnmite,  are  other  species  with  which  this  kind  of 
twinning  ie  common. 

403.  404. 


ArsenopjTfte. 


Another  common  method  of  twinning  is  that  where  the  twinning  is 
parallel  to  a  face  of  a  prism  of  about  70^°,  ua  shown  in  Fig.  405.  With  this 
method  symmetrical  fiveliuga  not  infrequently  occur  (Figs.  406,  407). 


Mnrcaalte.  Blnrcaslto.  Araenopjrite. 

The  species  stanrolite  illnstrates  three  kinds  of  twinning.     In  Fig.  408  the 

408.  409.  410. 
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is  (032),and  since  (001  A  033)  =45°  41 '.thecrjatalacroas  nearly 
4ia  *•■  fight  angles.     In  Fig,  409  the  twinning- 

plane  is  the  prism  (23U).  Iii  Fie.  410  it  u 
the  pyramid  (a33);  the  crystals  tlieii  cross- 
ing at  angles  of  about  60",  stellate  trillings 
occur  (see  Fig.  359),  and  indeed  more  com- 
plex forms.  In  Fig.  411  there  is  twinning 
according  to  both  (033)  and  (''!33). 

In  the  hemimorphic  group,  twins  of  the 
type  shown  in  Fig.  412,  with  c  as  the  twin* 
niug-plaue,  ai-e  to  be  noted. 

22B.  Honoolinio  System. — In  the  mono- 
clinic  system,  twins  with  the  verticiil  axis  aa 
Dumruiiie.  oituvm^       twinniug-aiis  are  common;  this  is  illustrated 

by  Fig.  413  of  angite  (pyroxene).  Fig.  414  of  gypsum,  anil  Fig,  415  of  ortho- 
cfase  (see  also  Fig.  352,  p.  120).  With  tlie  latter  species  these  twins  are  called 
t'arhhad  twint  (becaiiBe  common  in  the  trachyte  of  Carlsbad,  Bohemia);  they 
may  be  contact-twins  (Fig.  352),  or  irregular  penetration-twins  (Fig.  416).'  In 
Fig.  353  it  is  to  be  noted  that  c  and  x  fall  nearly  in  the  same  plane. 


r 


416. 


Auffile.  Gypsum.  Orlfaoclase. 

In  Fig.  416,  also  of  ortbocla»e,  the  twinning-nlane  is  the  clinodome  (021), 

and  since  (001  A  031)  =  44'  56i',  this   method  of  twinning  yields  nearly 

square  prisms.     These   twins   are  cnlled   Biiveiio  twins  (from  a  prominent 

locality  at  Bareno,  Italy);  tfaey  are  often  repeated  (Fig.  417).     In  Fig.  418  a 


41  fi. 


417. 


Ortliuclsae. 
bere  the  t winning-plane  i 


Miintbach  twin  is  shown.     ^, 

types  of  twinning  have  been  noted  with  orthuclase. 
with  c  (UOl) '     ■ 


Polysynthetic  twinning 
twinning-plane  is  common  with  pyroxene  (cf.  Fig.  430,  p.  131). 
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Twins  of  the  aragoiiite-chrysoberyl  type,  are  not  nncommon  vith  mono- 
clinic  species,  having  a  prominent  60°  prism  (ordomel.as  in  Fig.  419.  Stellate 
twins  after  this  law  are  cotnmou  with  ohondrodite  and  clinohumite.  An  aiial- 
ogons  twin  of  pyroxene  ia  shown  in  Fig,  430;  here  the  pyramid  (l33)  ie  the 
t winning-plane,  and  since  (010  A  l32)  =  59°  31',  the  cryBtuU  cross  at  angles 
of  nearly  60°;  further,  the  orthopinacoids  fall  nearly  in  a  common  zone,  since 
(100  A  522)  =  90°  9'.     In  Fig.  421  the  twinning-plane  is  the  orthodome 


(101).  Phillipsite  and  harmotome  exhibit  multiple  twinning,  and  the  crystals 
often  show  pBeudo-symmetry.  Fig.  423  shows  a  cruciform  fourling  with  c  (001) 
as  twinning-pluue,  the  twinning  shown  by  the  striations  on  tne  side  face. 
This  is  compounded  in  Fig.  433  with  twinning-plane  (Oil),  making  nearly 
square  prisms,  and  this  further  repeated  with  m  (110)  as  twinning-plane 
yields  the  form  in  Fig.  424,  or  even  Fig.  362,  p.  122,  resembling  an  isometric 
dodecahedron,  each  face  showing  a  fourfold  striation. 


PUHIipaile. 


230.   Tnclinic    System. — The    most    interesting    twins    of    the    triclinic 

system  are  thofe  shown  by  the  feldspars.  Twinning  with  b  (010)  ss  the 
twinning  plane  is  very  common,  especially  polysynthetic  twinning  yielding 
thin  parallel  lamellEe,  shown  by  the  striations  on  the  face  r.  (or  the  corresponding 
cleavage -surface),  and  also  clearly  revealed  in  polarized  light.  This  is  known 
as  the  albite  law  (Pig,  425).  Another  important  method  (Fig.  4'J6)  is  that  of 
the  pericliiie  lair;  the  twinning-uxis  is  the  crystallograpliic  axis  k  Here  the 
twiiiB  are  united  by  a  section  (rhombic  section)  shown  inilifligiireand  further 
explained  under  the  feldspars.  Polysynthetic  twinning  after  this  law  is  com- 
mon, and  hence  a  cleavage-maas  may  show  two  sets  of  striations,  one  on  the 
surface  parallel  to  c  (001)  and  the  other  on  that  parallel  to  h  (010).     The 
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angle  made  by  these  last  striations  with  the  edge  001/010  is  characteristic  ot 
the  particular  tricllnic  species,  as  noted  later. 


Labradorile.  Alblle.  Alliitv 

Twins  of  albite  of  other  rarer  types  also  occur,  and  further  twins  sijnilar 
to  the  Carlsbud,  Baveno,  and  Manebach  twins  of  orthoclase.  Fig.  437  shows 
twinning  according  to  both  the  albite  and  Carlsbad  types. 


REGULAR  GROUPING   OF  CRYSTALS. 
231.  Parallel  Orouping. — Connected  with  the  subject  of  twin  crystals  ia 
that  of  the  parallel  position  of  associated  crystals  of  the  same  species,  or  of 
different  species. 

Crystals  of  the  same  species  occurring  together  are  very  commonly  in 
428.  parallel   position.     In  this  way  large  crystals,  as  of 

calcite,  quartz,  fluorite,  are  sometimes  built  up  of 
smaller  individuals  grouped  together  with  correspond- 
ing faces  parallel.  Tliis  purullel  grouping  is  often 
seen  in  crystals  as  tlioy  lie  on  the  supporting  rock. 
On  glancing  the  eye  over  a  surface  covered  with 
crystals  a  reflection  from  one  face  will  often  be 
accompanied  by  reflections  from  the  corresponding 
7  face  in  each  of  the  other  crystals,  showing  that  the 
crystals  are  throughout  similar  in  their  positions. 

With  many  species,  complex  crystalline  forms  result 
from  the  growth  of  parallel  partial  crystals  in  the  direc- 
tion of  the  crystallographic  axes,  or  axes  of  symmetry. 
430.  431. 
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Thus  dendritic  forms,  resembling  branchiug  vegetation,  often  of  great  delicacy, 
are  seen  with  gold,  copper,  argentite,  and  other  species,  especially  those  of  the 
isometric  system.  This  is  shown  in  Fig.  428  (ideal),  and  again  in  Fig.  429, 
where  the  twinned  and  flattened  cubes  (cf.  Fig.  365,  p.  123)  are  eronped  in 
directions  corresponding  to  the  diagonals  of  an  octahedral  face  which  is  the 
twinning-plane. 

232.  Parallel  Grouping  of  Unlike  Species. — Crystals  of  different  species  often 
show  the  Stimo  tendency  to  parallelism  in  mutual  position.  This  is  true  most 
frequently  of  species  which  are  more  or  less  closely  similar  in  form  and  com- 
))06ition.  CrysUild  of  albite,  implanted  on  a  surface  of  orthoclase,  are  some- 
times an  example  of  this;  crystals  of  amphibolo  and  pyroxene  (Fig.  430),  of 
zircon  and  xenotime  (Fig.  431),  of  various  kinds  of  mica,  are  also  at  times 
observed  tissocinted  in  parallel  position. 

The  same  relation  of  position  also  occasionally  occurs  where  there  is  no 
connection  in  composition,  as  the  crystals  of  rutile  on  tabular  crystals  of 
hematite,  the  vertical  axes  of  the  former  coinciding  with  the  lateral  axes  of 
the  latter.    Crystals  of  calcite  have  been  observed  whose  rhombohedral  faces 
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had  a  series  of  quartz  crystals  upon  them,  all  in  parallel  position  (Fig.  432); 
som(*time8  three  such  quartz  crystals,  one  on  each  rhombohedral  face, 
entirely  envelop  fhe  calcite,  and  unite  with  re-entering  angrles  to  form  pseudo- 
twins  (rather  trillings)  of  quartz  after  calcite.  A  similar  occurrence  from 
Specimen  Mountain,  in  the  Yellowstone  Park,  is  shown  in  Fig.  433. 


IRREGULARITIES  OF  CRYSTALS. 

233.  The  laws  of  crystallization,  when  unmodified  by  extrinsic  causes, 
should  produce  forms  of  exact  geometrical  symmetry,  the  angles  being  not 
only  equal,  but  also  the  homologous  faces  of  crystals  and  the  dimensions  in  the 
directions  of  like  axes.  This  symmetry  is,  however,  so  uncommon  that  it  can 
hardly  be  considered  other  than  an  ideal  perfection.  The  various  possible 
kinds  of  symmetry,  and  the  relation  of  this  ideal  geometrical  symmetry  to  the 
actual  crystallographic  symmetry,  have  been  discussed  in  Arts.  14  and  18  et 
seq.  Crystals  are  very  generally  distorted,  and  often  the  fundamental  forma 
are  so  completely  disguised  that  an  intimate  familiarity  with  the  possible 
irregularities  is  required  in  order  to  unravel  their  complexities.  Even  the 
angles  may  occasionally  vary  rather  widely. 

The  irregularities  of  crystals  may  \ye  treated  of  under  several  heads:  1, 
Variations  Bf  form  and  dimenftioua;  2,  ImperfecHons  of  surface;  3,  Varia* 
Hons  of  angles;  4,  Internal  imperfcf  ions  and  impurities. 
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1.  VARIATIONS  IN  THE  FORMS  AND  DIMENSIONS 

OP  CRYSTALS. 

234.  DiBtortion  in  OeneraL — The  variations  in  the  forms  of  crystals,  or,  in 
other  words,  their  distortion ,  may  be  irregular  in  character,  certain  faces 
being  larger  and  otliers  smaller  than  in  the  ideal  geometrical  solid.  On  the 
other  hand,  it  may  be  symmetrical y  giving  to  the  distorted  form  the  symmetry 
of  a  group  or  system  different  from  that  to  which  it  actually  belongs.  The 
former  ca«!e  is  the  common  rule,  but  the  latter  is  the  more  interesting. 

235.  Irregnlar  Distortion. — As  stated  above  and  on  p.  11,  all  crystals  show 

to  a  greater  or  less  extent  an  irre&ular 
or  accidental  variation  from  the  ideal 
geometrical  form.  This  distortion,  if 
not  accompanied  by  change  in  the  inter- 
fucial  angles,  has  no  particular  signifi- 
cnnce,  and  does  not  involve  any  deviation 
from  the  laws  of  crystallographic  6ym« 
metry.  Figs.  434,  435  show  distorted 
O'vstals  of  quartz;  they  may  be  compared 

with  the  ideal  form.  Fig.  'ZQQ,  p.  83.     Fig.  436  is  an  ideal  and  Fig.  437  an 
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Apntlte. 

actual  crystal  of  laznlite.     So,  too,  Fig.  43S  is  a  distorted  crystal  of  apatite,  to 
be  compared  with  Fig.  216,  p.  72. 

The  corrert  Mentificntion  of  ilic  forms  «»n  n  crystal  is  reiKlered  nnicli  more  difficult 
because*  of  this  prevniling  distortion.  i'S|>eciallv  wlicn  it  results  in  tbe  entire  oiliteration  of 
ceriuin  fnces  by  the  eiilu'i^eniCMt  of  otliers.  In  deciphering  the  distort*  d  crystalline  forms 
it  must  he  n'memh<»n'd  that  while  tlie  appearance  of  ilie  crystals  may  he  enilrel}'  altcre<l, 
the  interf 'cial  angles  renuiin  the  same:  moreover,  like  laces  are  piiysically  alike— that  is, 
alike  in  decree  of  luster,  in  ^nations,  nu'l  fo  on.  Thus  the  prismatic  faces  of  quaitz  show 
almost  always  characteristic  horizontal  striatinns 

In  addition  to  the  variations  in  form  which  have  just  been  described,  still 
greater  irrejcnlarities  are  due  to  the  fact  that,  in  many  cases,  crystals  in  nature 
are  attached  either  to  other  crystals  or  to  some  rock  surface,  and  in  consequence 
of  this  are  only  partially  developed.  Thus  quartz  crystals  are  generally  attached 
by  one  extremity  of  the  prism,  nnd  hence  have  only  one  set  of  pyramidal  faces; 
perfectly  formed  crystals,  having  the  double  pyramid  complete,  are  rare. 

236.  Symmetrical  Distortion. — The  most  interesting  examples  of  the  sym- 
metrical distortion  of  crystalline  forms  are  found  among  crystals  of  the 
isometric  system.     An  elongation  in  the  direction  of  one  cubic  axis  may  give 


.434 


OBysiALLoaaA.pu  T. 


the  appearance  of  tetragoDsI  sjmmetrj,  or  that  in  the  direction  of  two  cnbio 
axes  of  orthorhoiribic  Bymmetry;  while  in  the  direction  of  an  octahedral  axis 
a  lengthening  or  shortening  gives  rise  to  forms  of  apparent  rhombohedral 
symmetry.     Such  cases  are  common  with  native  gold,  ailver,  and  copper. 

A  eu6*  lengtlieueii  or  shortened  along  one  axis  beuouies  a  rigbt  sqiuire  prism,  nud  If 
varied  In  tbe  ilirection  of  two  axes  Is  cliiiDged  to  a  rectangulnr  prism.  Cubes  of  pyrlte. 
galena,  fliiorlte,  ulv..  are  ollen  Ihiis  distorted.  It  is  very  uuuaiial  to  find  a  culiic  crjelnl 
that  tsa  Irue  sytnnietrical  cube.  In  some  species  llie  cube  or  ociabedron  (or  otber  isometric 
form)  is  letiglbeued  iuto  a  capillary  crystal  or  ueedle,  aa  liappens  In  cuprite  and  pyrite. 

An  octuhedroii;lu(t«ii«il  parallel  tniL  face — that  is.  In  Ibeairection  of  atrleomillnleraxii — 
is  reduct-d  to  a  tabular  crystal  reHembliiig  a  rljombobedral  crystal  will)  basal  plane  {F\g. 
43S).  U  Ungtherted  in  ibo  same  direction,  to  tbe  oblitentlon  of  the  lerminal  octahedral 
faces,  it  becomes  an  HCUte  rhumbohedron  (cf.  Fig.  44U). 


When  an  oclabedruD  is  eitended  in  the  direction  of  a  Hue  between  two  opposite  edges, 
or  that  of  a  rhombic  luleraxis.  It  lias  ibe  general  form  of  ii  riftauijiiliir  octaheilrou  ;  and 
still  farther  extended,  ns  In  Fig,  441,  it  ia  cliaogcd  lo  a  rhombic  prism  with  dibedial  Bum- 
mils  (spinel,  fliiorite.  magnetite).    Tbe  figure  represenis  ibis  prism  lyhig  on  Its  acute  edee. 

The  do^ealadTon  lengthened  In  the  direction  of  a  diagonal  between  the  ohluae  solid 
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angles — that  is.  that  of  a  trigoDal  in tcmxis— becomes  a  six-sided  prism  wlili  thrce-fiided  sum* 
raita,  as  in  IMg.  443.  If  ahorleiicd  iti  the  same  iliieciioii,  it  liecomes  a  ihcrl  prism  of  tbe 
■amu  kind  (Fig.  443).  Both  resemble  rhombobeiirul  foi'uis  and  are  common  in  garuel 
(compare  FIk-  234,  p.  76,  of  calclte).  When  lengthened  lu  the  direction  of  uue  of  the  cul)ic 
axes,  ihe  dodeuihcdron  becomes  a  square  prism  with  pyramidal  sumiiiits  (Fls.  444).  and 
shorleTK^  along  the  same  axis  it  is  reduced  to  a  equaro  oclaliedrob.  with  truncated  basal 
angles  (Fig.  44S), 

The  irapezoliedrou  elongated  in  the  direction  of  nu  ocltiLedral  (Irigoiial)  axis  assumec 
rhombohedrid  (triicomil)  symmetry.  The  resulting  foiiiis  referred  to  the  usual  hexagonal 
axes  for  both  (211)  and  (311)  are  its  follows ; 


(211)  (10l4) 
(21  Tl  (1233) 
(113)        (lOiO) 


(811)  (2025) 
(311)  (224!!) 
(3Ti)        (404n 
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For  (311)  the  retultlDg  form  Is  Snt  tliat  of  Fig.  446,  aod  tf  sttll  fartber  lengtheoed,  to  the 
obliiemtiot)  of  some  of  the  faces,  H  becomes  a  scalenohedTOD  (Fig.  447).  Tlils  boa  been 
obaerT<^  in  lluorite.    Only  twelve  faces  are  here  present  out  of  ibe  twenty-four.    If  tbo 


elongation  of  Ibis  li-apezobedroD  (211)  takes  place  along  n  cubic  axis,  ft  becomts  a  double 
eiglil'Sitled  pyramid  witb  four-Bided  sumnilis  (Fig.  448):  or  if  these  summit  planes  nro 
ohliternted  by  a  farther  extension,  It  becomes  a  complele  clgblsided  double  pyramid 
(Fip.  449). 

The  accompnDying  figures  illusimte  the  rbomboliedral  distortion  of  Ibe  tmpezohedroii 
(311),  cf.  Fig.  93,  p.  9i.     Fig.  4S0  shows  the  faces  us  projected  on  a  plane  uormal  to  an 
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(3035j.  The  natWe  gold  from  Ibe  While  Bull  mbje. 
Oregiin,  souielliuea  ciius'sts  of  a  sk'orler  siring  of 
such  rliorabohi'dml  cryslala.  and  not  infri^qucntiy 
there  are  minor  bratiphes  in  the  direction  of  iwo  or 
more  of  the  other  ocinhe<irs1  axes<F1.s^.  4.'i2.  4^8). 

The  lilsocialiedroii  is  rare  tis  a  proriiinenl  form, 
but  a  curious  eiiimple  of  lis  disioil'on  is  giieii  in 
Figs.  454,  45.')  of  pyrite  from  Fn-ncli  Creek.  Ptiin. 
Tlie  fonn,  iippnrently  letniHOMHl  (or  ortiiorhoniliic), 
shows  only  eight  fitces  of  the  tri>:ociiiliedron  i'(382l, 
nud  tiiese  are  strongly  roundeil;  faifes  of  the  pyrito- 
bcilron  e  (310)  also  appear  as  »  aul.onliunte  f'.iin. 
Similarly  the  lelrahexHhedroii  and  hexoctaheilrou 

Further  examples  are  to  bo  found  in  the  i.lher 


136  CKTSTALl-UGitArHV. 

2.  IMPERFECTIONS  OF  THE  SURFACES  OF  CRYSTALS. 

237.  Striatiou  Dda  to  Oieillatory  ConLbinations. — The  parallel  lines  or 
fniTovB  on  the  snrfacea  of  crystals  are  called  slria  or  striuiions,  and  snch 
aarfaces  are  said  to  be  striated. 

Each  little  ridge  on  a  striated  surface  ia  euclosed  by  two  narrow  planes 
more  or  less  regular.  These  planes  often  correapoud  in  position  to  different 
faces  of  the  crystal,  and  these  ridges  have  been  formed  by  a  continned 
oscillation  in  the  openUiun  of  the  cuuaea  that  give  rise,  wlien  acting  nuinter- 
ruptedly,  to  enlarged  faces.  By  tbie  means,  the  surfaces  of  a  crystal  are 
marked  in  parallel  lines,  with  a  succession  of  narrow  planes  meeting  at  an 
angle  and  constituting  the  ridges  referred  to. 

This  combination  of  different  planes  in  the  formation  of  n  surface  has  been 
termed  oscUlatury  combination.  The  horizontjil  Btriatioiis  on  prismatic 
crystals  of  quartz  ore  examples  of  this  combination,  in  which  the  OEcillHtion 
has  taken  place  between  tlie  priamatic  and  rbombohedral  faces.  Thus 
crystals  of  quartz  are  often  tapered  to  a  point,  without  the  usual  pyramidal 
terminations. 

Other  examples  are  the  striations  on  the  cubic  faces  of  pyrite  parallel  to 
the  intersections  of  the  cube  with  the  faces  of  the  pyritobedron;  also  the 
striations  on  magnetite  due  to  the  oscillation  between  the  octabi'dron  and 
dodecahedron.  Prisma  of  tourmaline  are  very  commonly  bounded  vertically 
by  three  coiivei  enrfacea,  owing  to  an  oscillatory  combination  of  the  foces  in 
the  priaraatic  zone. 

238.  Striationi  Dne  to  Repeated  Twinning. — The  striations  of  the  basal 
plane  of  albite  and  other  triclinic  feldspars,  also  of  the  rbombohedral  surfaces 

4ft6.  of  some  calcite,  liave  been  eiplained  in  Art.  220  as  due 

to  polysynthetic  twinning.  This  is  illustrated  by 
Fig.  456  of  magnetite  from  Port  Henry,  N.  i. 
(Kemp.) 

239.  Harking!  from  Eroaion  and  Other  CanMt. — 
The  facea  of  crystals  are  not  uncommonly  uneven,  or 
have  the  crystalline  structure  developed  as  a  cod- 
sequence  of  etching  by  some  chemical  agent.  Cubes 
of  galena  are  often  thus  uneven,  and  crjstals  of  lead 
sulphate  (angleaite)  or  lead  cnrbornte  (certiFsite)  are 
sometimes  present  as  eridence  with  regard  to  the 
cause.  Crystals  of  numerous  other  species,  even  of 
Hagnelite.  corundum,  spinel,  quartz,  etc.,  sometimea    show    the 

same  result  of  partial  change  over  the  surfuce—often  tlic  incipient  stcge  in  a 
process  tending  to  a  final  removal  of  the  whole  cryatal.  Interesting  investiga- 
tions have  been  made  by  various  authora  on  the  action  of  solvents  on  different 
minerals,  the  actual  stnicture  of  the  crystals  being  developed  in  this  way. 
This  method  of  etching  is  fully  discussed,  with  illustrations,  in  another  place 
(Art.  208). 

The  markings  on  the  surfaces  of  crystals  are  not,  however,  always  to  be 
ascribed  to  etching.  In  most  cases  such  depressions,  as  well  as  the  minute 
elevations  upon  tiie  faces  having  the  form  of  low  [lyrumids  (so-culled  vicinal 
prominences),  are  a  part  of  the  original  molecular  growth  of  the  crvstal,  and 
often  serve  to  show  the  successive  stages  in  its  history.  They  may  he  imper- 
fections arising  from  an  interrnpted  or  disturbed  development  of  the  form,  the 
perfectly  smooth  and  oven  crystalline  faces  being  the  result  of  completed 
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action  free  from  disturbing  causes.  Examples  of  the  ma.-kings  referred  to 
occur  on  the  crystals  of  most  minei'alB,  and  couspicuousljr  to  on  the  rbombo> 
bedral  faces  of  quartz. 

.Faces  of  crystals  are  often  marked  with  angular  elevations  more  or  less 
distinct,  which  are  due  to  oscillatory  combination.  Octahedrons  of  f  uorite 
are  common  which  have  for  each  face  a  surface  of  minute  cubes,  proceeding 
from  an  oscillation  between  the  cube  and  octahedron.  Sometimes  an  examina- 
tion of  such  a  crystal  shows  that  though  the  form  is  apparently  octahedral, 
there  are  no  octahedral  faces  present  at  all.  Other  similar  cases  conld  be 
mentioned. 

Whatever  their  canse,  these  minute  markings  are  often  of  great  importance 
as  revealing  the  true  molecular  symmetry  of  the  crystal.  For  it  follows  from 
the  symmetry  of  crystallization  that  like  faces  must  be  physically  alike — that 
is,  in  regard  to  their  surface  character;  it  thus  often  happens  that  on  all  the 
crystals  of  a  species  from  a  given  locality,  or  perhaps  from  all  localities,  the 
same  planes  are  etched  or  roughened  alike.  There  is  much  uuiforniity  on 
the  faces  of  quartz  crystals  in  this  respect. 

2iO.  Curve d  Burfaoes  niuy  result  from  (a)  oscillatory  combination;  or  {b) 
some  independent  molecular  condition  producing  curvatures  in  the  lamina  ol 
the  crystal;  or  (c)  from  a  mechanical  cause. 

Curved  surfaces  of  thejirsl  kind  have  been  already  mentioned  (Art.  237). 
A  singular  curvature  of  this  nature  is  seen  in  Fig.  457, of  culcite;  in  the  lower 

Eaij  traces  of  a  ecalenohedial  form  are  apparent  which  was  in  oscillatory  com- 
ination  with  the  prismatic  form. 
Curvatures  of  the  second  kind  sometimes  have  all  the  faces  convex.  This 
is  the  cose  in  crystals  of  diamond  {Fig.  458),  some  of  which  are  almost 
spheres.  The  mode  of  curvature,  in  which  all  the  faces  are  equally  convex,  is 
leKS  common  than  that  in  which  a  convex  surface  is  opposite  and  parallel  to  a 
corresponding  concave  surface.  Rhombohedrons  of  dolomite  and  siderite  are 
nsnally  thus  curved.  The  feathery  curves  of  frost  on  windows  and  the 
flagging-stones  of  pavements  in  winter  are  other  examples.  'I'he  alabaster 
rosettes  from  the  Mammoth  Cave,  Kentucky,  are  eimilnr.  Stihnite  crystals 
sometimes  show  very  remarkable  curved  and  twisted  forms. 
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A  third  kind  of  cnrrature  is  of  mechanical  origin.    Sometimes  crystals 
appear  as  it  they  had  been  broken  transversely  into  many  pieces,  a  slight 
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displacement  of  which  has  given  a  curved  form  to  tlie  prism.  This  is  common 
in  tourmaline  and  beryl.  The  beryls  of  Monroe,  Conn.,  often  present  these 
interrupted  curvatures,  as  represented  in  Fig.  459. 

Crystals  not  infrequently  occur  with  a  deep  pyramidal  depression  occupying 
the  place  of  each  plane,  as  is  often  observed  in  common  salt,  alum,  and  sulphur. 
This  is  due  in  part  to  their  rapid  growth. 

3.    VARIATIONS  IN  THE  ANGLES  OF  CRYSTALS. 

241.  The  greater  part  of  the  distortions  described  in  Arts.  236,  236 
occasion  no  chauge  in  the  interfacial  angles  of  crystals.  But  those  imper- 
fections that  produce  convex,  curved,  or  striated  faces  necessarily  cause  such 
variations.  Furtliermore,.  circumstances  of  heat  or  pressure  under  which 
the  crystals  were  fornied  may  sometime^  have  resulted  not  only  in  distortion 
of  form,  but  also  some  variation  in  angle.  The  presence  of  impurities  at  the 
time  of  crystallization  may  also  have  a  like  effect. 

Still  more  important  is  the  change  in  the  angles  of  completed  crystals 
which  is  caused  by  subsequent  pressure  on  the  matrix  in  which  they  were 
formed,  as,  for  example,  the  change  which  may  take  place  during  the  more  or 
less  complete  metamorphism  of  the  enclosing  rock. 

The  change  of  composition  resulting  in  pseudomorphous  crystals  (see 
Art.  262)  is  generally  accompanied  by  an  irregular  change  of  angle,  so  that 
the  pseudomorphs  of  a  species  vary  much  in  angle. 

in  general  it  is  safe  to  affirm  that,  with  the  exception  of  the  irregularities 
arising  from  imperfections  in  the  process  of  crystallization,  or  from  the 
subsequent  changes  alluded  to,  variations  in  angles  are  rare,  and  the  constancy 
of  angle  alluded  to  in  Art.  11  is  the  universal  law. 

In  cases  where  a  greater  or  less  variation  in  angle  is  observed  in  the 
crystals  of  the  same  species  from  different  localities,  the  cause  for  this  can 
usually  be  found  in  a  difference  of  chemical  composition.  In  the  case  of 
isomorphous  compounds  it  is  well  known  that  an  exchange  of  corresponding 
chemically  equivalent  elements  may  take  place  without  a  change  of  form, 
though  usually  accompanied  with  a  slight  variation  in  the  fundamental 
angles. 

The  effect  of  heat  upon  the  form  of  crystals  is  alluded  to  in  Art.  416. 

4.     INTERNAL  IMPERFECTIONS  AND   INCLUSIONS. 

242.  The  transparency  of  crystals  is  often  destroyed  by  disturbed  crystal- 
lization; by  impurities  taken  up  from  the  solution  during  the  process  of 
crystallization;  or,  again,  by  the  presence  of  foreign  matter  resulting  from 
partial  chemical  alteration.  The  general  name,  inclnsioyiy  is  given  to  any 
foreign  body  enclosed  within  the  crystal,  whatever  its  oris^^in.  These  inclusions 
are  extremely  common;  they  may  be  gaseous,  liquid,  or  solid;  visible  to  the 
unaided  eye  or  requiring  the  use  of  the  microscope. 

Rapid  crystallization  is  a  common  explaiiation  of  inclusions.  This  is 
illustrated  by  quartz  crystals  containing  large  cavities  full  or  nearly  full  of 
water  (in  the  latter  case,  these  showing  a  movable  bubble);  or,  they  may 
contain  sand  or  iron  oxide  in  large  amount.  In  the  case  of  calcite,  crystalliza- 
tion from  a  liquid  largely  charge(l  with  a  foreign  material,  as  quartz  sand,  may 
result  in  the  formation  of  crystals  in  which  the  impurity  makes  up  as  much 
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as  two-thirds  of  tlie  whole  mass;  tliia  is  seen  in  the  famous  Fontsineblean 
limestone,  aud  similurly  in  that  from  other  loealitiee. 

243.  Liq^nid  and  Gas  Inclusions. — Attention  wiib  early  called  b;  Brewster 
to  the  presence  of  fltiida  in  cavities  in  cei'tuin  minerals,  as  quartz,  topaz,  beryl, 
chrysolite,  etc.     In  later  years  this  subject  has  been  thoroughly  studied  by 

Sorby,   Zirkel,   Vogelsang,  Fischer,  Kosenbiiscii,  

and  others.  The  nature  of  the  liquid  uun  often 
he  determined,  as  by  its  refractive  powtr,  or  by 
special  physical  test  {e.g.,  determination  of  the 
critical  point  in  the  case  of  CO,),  or  by  chemical 
examination.  In  the  majority  of  cases  the  observed 
liquid  is  simply  water;  hut  it  may  be  the  salt 
solution  in  which  the  crystal  was  formed,  and  not 
infrequently,  especially  in  t))e  case  of  quartz, 
liquid  carbon  dioxide  (CO,),  as  first  proved  by 
Vogelsang.  These  liquid  inclusions  are  marked 
as  such,  in  many  cases,  by  the  presence  in  the 
cavity  of  a  moviible  bublile  of  gas.  Occasionally 
cavities  contain  two  liquids,  as  water  and  liquid 
carbon  dioxide,  the  latter  tlien  inclosing  a  bubble 
of  the  same  aubstatice  as  gas  (cf.  Fig.  460).  Interesting  experiments  can  be 
made  with  sections  showing  ancb  inclusions  (cf.  liteninire,  p.  141).  The 
mixture  of  gases  yielded  by  smoky  quartz,  meteoric  iron,  and  other  sub- 
stances, on  the  application  of  heat,  has  been  analyzed  by  Wright. 

In  some  cases  the  cavities  appear  to  be  empty;  if  they  then  have  a  regular 
form  determined  by  tlie  crystallization  of  the  species,  they  are  often  called 
negative  crytnls.  Such  cavities  are  commonly  of  secondary  origin,  as  remarked 
on  a  later  page. 

244.  Solid  Inoliuions. — The  solid  inclusions  arc  almost  infinite  in  their 
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they  are  large  and  distinct,  and  can  be  referred  to  known 
mineral  species,  as  the  scales  of  giithite  or  hematite,  to 
which  the  peculiar  character  of  aventurine  feldspar  is 
due.  Magnetite  is  a  very  coniinon  impurity  in  many 
minerals.aijpearing,  for  example,  in  the  Pennsbury  mica; 
quartz  is  also  often  mechanically  mi.xed,  as  in  staurolite 
and  gnielinite.     On  the  other  hand,  quartz   crystals 

■   verycommonly  inclose  foreign  material,  such  as  chlorite, 
'    irmaline,  rutile,  hematite,  asbcstus,  aiid  many  other 
nerals.     (Of.  also  Arts.  245,  246.) 
Au  nilerirstitig  cxnmple  of  Uie  luclosiire  of  one  miucml  by 

2  auoilicr  isalTurileil  lijiheatiiiextrd  figures  of  tnuiTnaliiieeovelop- 
[■•—  ing  orthoirlnsi'  •  Fig.  461  uliowa  tlii;  cryslal  of  tourmnllDu ;  am) 
criiss  sections  of  il  at  llie  points  lodtcnted  [a,  b,  rl  are  j;ivi>D  hy 
Pigs.  463,  4fti.  464.  Tlie  taller  «liow  tliut  the  feldspar  iuci'eiiws 
iu  iimuinit  hi  llie  tower  |>art  of  tlic  crystal.  Ihe  tourmnljue  being 
nierelv  a  tliiii  sliell.  Sliiiilur  speriiiieDs  from  (he  siinie  locullty 
tPon'Huiiry,  Essex  Co.,  N.  Y.)  sliow  that  ibere  fs  no  iiecrsfjiry 
ciiuncclinn'ljeiwecii  iliv  iKisilion  of  ilie  touriniilitii;  and  tbiil  uf 
llic  feldspni'. 

Sitiiiltir  occurrences  nre  Uinsp  of  trnpezobixlroiis  of  pirnet. 
eIr'II.  iiiclosiijg  lalcile,  or  sunieliiiics  epiiiole  or  ijiiaH/  (Fig.  472). 


1,  Am.  J.  Sc,  11.  2T3,  1876. 
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Analogous  cases  faara  been  explained  liysomc  tiuiljorsai  lielug  due  to  partial  pseudomorpb- 
Um.  Uiu  altenuiun  prugmniug  fruui  ihe  teuter  oiiiwanl. 
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Tlie  incInaioDB  may  consist  of  a  heterogeneous  mass  of  material;  as  the 
granitic  matter  seen  in  orthoclaee  crystals  in  a  porphyritic  granite;  or  the 
feldspar,  quartz,  etc.,  Bometimes  inclosed  in  large  coarse  crystals  of  beryl  or 
spodumene,  occurring  in  granite  veins. 

245.  Hiorolitei,  Cryitallitei. — The  microscopic  crystals  observed  as  incla- 
sions  may  sometimes  be  referred  to  known  speciee,  bnt  more  generally  their 
true  nature  is  doubtful.  The  term  microliter,  proposed  by  Vogelsang,  is  often 
used  to  designate  the  minute  inclosed  cryatule;  they  nre  generally  of  needle> 
like  form,  sometimes  quite  irregular,  and  often  very  remarkable  in  their 
arrangement  and  gronpiuga;  some  of  them  are  exhibited  in  Fig.  4T0  and  Fig. 
471,  as  explained  below.  Where  the  minute  individuals  belong  to  known 
species  they  are  called,  for  example,  feldspar  microlites,  etc. 

Crystallilea  is  an  analogous  term  used  by  Vogelsang  to  cover  those  minnte 
forms  which  have  not  the  regular  exterior  form  of  crystals,  but  may  be  con- 
sidered as  intermediate  between  amorphous  matter  and  true  crystals.    Some  of 


465. 


467. 


the  forms  are  shown  in  Figs.  4C5-469;  they  are  often  observed  in  glassy  vol- 
canic rocks,  and  alxo  in  fnrniice  slugs.  A  series  of  names  liaa  been  given  to 
varieties  of  crystallil-cs,  anch  as  gloliulites,  niargariCes,  etc.  Trichite  and 
belonite  are  niinies  introduced  by  Zirknl;  the  former  name  is  derived  from 
OpiS,  hair;  trichites,  like  that  in  Fig.  4G!),  are  common  in  obsidian. 

The  microscopic  inclusions  may  also  be  of  nn  irregular  glaasy  nature;  this 
kind  is  often  observed  in  crystals  which  have  formed  fiom  a  molten  mass,  as 
lava  or  the  shig  of  an  iron  furnace. 

246,  Symmetrically  Airanged  Inclnaions. — In  general,  while  the  solid 
inclusions  sometimes  occur  quite  irregularly  in  the  crystals,  they  are  more 
generally  arranged  with  some  evident  reference  to  the  symmetry  of  the  form, 
or  external  faces  of  the  crystals.    Examples  of  this  are  shown  in  the  following 
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fij^res.    Fig.  470  exhibits  a  crystal  of  augit«,  inclosing  magoetite,  feli]B[)ar 
aud  uepbelite  microliles,  etc.    Fig.  471  shows  a  crystal  of  luuuite,  a  speuiei 


whose  crystals  very  commonly  inclose  fore'gu  matter.    Fig.  472  shows  a  section 
of  a  crystal  of  garnet,  coQtuiiiing  quartz. 


Another  striking  example  is  afforded  by  andalnsite  (Fig.  473),  in  which  the 
inclosed  carbonaceous  impurities  are  of  consiJerable  eztent  and  remurlcably 
arranged,  so  as  to  yield  symmetrical  figures  of  various  forms.  Staurolite 
occasionally  shows    analogous    carbonaceous    impurities  474. 

eymmetricully  distributed. 

The  magnetite  common  as  an  inclusion  in  muscovite,  EST^r^S — "  w  A'^ 
alluded  to  above,  is  always  symmetrically  dispoaeil.  nstially  ^^\Wy|/Y\  >^<i 
parallel  to  tiiedirectionsof  the percusaion-figure  (Fig.  477,   ^  ^^\v3,<*P^ 
p.l49),  Tlieaeterismof  phlogopite is  explained  by  the  pres-   c7<?/Q>/go 
ence  of  symmetrically  arranged  inclusions  (cf.  Art.  342).     .   c^  ^ja  j>' 

Fig.  474  Bliowa  nn  tDterMlIiig  ease  of  synimelricnltv  arratiMd  r  ^-A"  -  ~    * 
tnchiidritia  due  to  cliemlcal  niteratlon,    TLe  orlglniLl  ni 
mcne.  from  Bntiicb?il1e.  Cono.,  Iiuii  been  allered  1< 
apparently  botnngeoeous to llie eye,  bnt  found  nniler  t 
In  Imve  tbe  sinicture  aliown  in  Fig.  474.     Cliemical  HiislysiB  provw  G 
tlie  base  to  lie  siblle  and  tlie  tDcloted  hexngoiial  mlDeml  lo  b«  a 
litbium  aillcate  (LIAISiOi)  called  eucryptlie.    Ii  lias  out  yet  beea  identlflcd  except  in  tbl* 

Literature. 

Some  of  the  moat  Important  works  on  tlie  Balijecl  of  microscopic  iDoliiRlong  are  referrwl 
to  liere:  for  a  fuller  list  of  papcn  rerereure  m»j  be  mnde  to  the  work  o(Ro8eabiiscb(19}8, 
1892) ;  alM  tbat  of  ZIrkel  and  ntliere  mentioned  on  p.  4. 

BT«wtt«r.  Many  pftperg,  piibllabpft  mogtly  In  the  Phlloaopblcal  Magazine,  and  tlift 
EdiDbnrgb  Pbll.  Journal,  from  1B32-18M, 

Blum,  Leonhard,  SajrfBrt,  and  Sfichttng.  Die  ElaachlOsse  toq  HlneralieD  In  krjstalU- 
tirten  Hlneralien.     Haarlem,  1854.    (Preiuclirift.) 
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CRYSTALLINE   AGGREGATES. 

247.  The  greater  part  of  the  specimens  or  masses  of  minerals  that  occur 
may  be  described  as  aggregations  of  imperfect  crystals.  Many  specimens 
whose  structure  appears  to  the  eye  quite  homogeneous,  and  destitute  intenuilly 
of  distinct  crystallization,  can  be  shown  to  be  composed  of  crystalline  grains. 
Under  the  above  head,  consequently,  are  included  all  the  remaining  varieties 
of  structure  among  minerals. 

The  individuals  composing  imperfectly  cryfcstallized  individuals  may  be: 

1.  Columns,  or  fibers,  in  which  case  the  structure  is  cohtmnnr  or  fibrous, 

2.  T/iin  laminiB,  producing  a  lamellar  structure. 

3.  (i rains,  constituting  a  granular  structure. 

248.  Columnar  and  Fibrous  Structure. — A  mineral  possesses  a  columnar 
structure  when  it  is  made  up  of  slender  columns,  as  some  amphibole.  AVhen 
the  individuals  are  flattened  like  a  knife-blade,  as  in  cyanite,  the  structure  is 
said  to  be  blade d. 

The  structure  again  is  anWeil  fibrous  when  the  mineral  is  made  up  of  fibers, 
as  in  asbestus,  also  the  satin  spar  variety  of  gyj)sum.  The  fibers  may  or  may 
not  be  separable.  There  are  many  gradations  between  coarse  columnar  and 
fine  fibrous  structures.     Fibrous  minerals  have  often  a  silky  luster. 

The  following  are  properly  varieties  of  columnar  or  fibrous  structure: 

Reticulated :  when  the  fibers  or  columns  cross  in  various  directions  and 
produce  an  appearance  having  some  resemblance  to  a  net. 

Stellated:  when  they  radiate  fron  a  center  in  all  directions  and  produce 
star-like  forms.     Ex.  stilbite,  wavellite. 

Radiated,  divergent:  when  the  crystals  radiate  from  a  center  without 
producing  stellar  forms.     Ex.  quartz,  stibnite. 

249.  Lamellar  Structure. — The  structure  of  a  mitieral  is  lamellar  when  it 
consists  of  plates  or  leaves.  The  laminae  may  be  curved  or  straight,  and  thus 
give  rise  to  the  r?/r?w/ lamellar  and  straight  lamellar  structure.  Ex.  wollas- 
tonite  (tabular  spar),  some  varieties  of  gypsum,  talc,  etc.  If  the  plates  are 
approximately  parallel  about  a  common  center  the  structure  is  said  to  be 
concentric.  When  tlie  laminae  are  thin  and  separable,  the  structure  is  said  to 
be  foliaceous  or  foliated.  Mica  is  a  striking  example,  and  the  term  micaceous  is 
often  used  to  describe  this  kind  of  structure. 
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250.  Oranular  Structure. — The  particles  in  a  granular  structure  differ  much 
in  size.  When  coarse^  the  mineral  is  described  as  coarse- granular;  when  fine, 
fine-granular;  and  if  not  distinguishable  by  the  naked  eye,  the  structure  is 
termed  impalpable.  Examples  of  the  first  may  be  observed  in  granular  crystal- 
line limestone,  sometimes  called  saccharoidal;  of  the  second,  in  some  varieties 
of  hematite ;  of  the  last,  in  some  kinds  of  sphalerite. 

The  above  terms  are  indefinite,  but  from  necessity,  as  there  is  every  degree 
of  fineness  of  structure  among  mineral  species,  from  i)erfectly  impalpable, 
through  all  possible  shades,  to  the  coarsest  granular.  The  term  phanero-crys' 
talline  has  been  used  for  varieties  in  which  the  grains  are  distinct,  and  cri/p/O' 
crystalline  for  those  in  which  they  are  not  discernible,  although  an  indistinct 
crystalline  structure  can  be  provea  by  the  microscope. 

Oranular  minerals,  when  easily  crumbled  in  the  fingers,  are  said  to  be 
friable, 

251.  Imitative  Shapes.  —  The  following  are  important  terms  used  in 
describing  the  imitative  forms  of  massive  minerals. 

Reniform :  kidney-shaped.  The  structure  may  be  radiating  or  concentric, 
Ex.  hematite. 

Botryoidal :  consisting  of  a  group  of  rounded  prominences.  The  name  is 
derived  from  the  Greek  fiorpo^y  a  bimch  of  grapes.  Ex.  limonite,  chalcedony, 
prehnite. 

Mammillary :  resembling  the  botryoidal,  but  composed  of  larger  prominen- 
ces.    Ex.  malachite. 

Globular:  spherical  or  nearly  so;  the  globules  may  consist  of  radiating 
fibers  or  concentric  coats.  When  attached,  as  they  usually  are,  to  the  surface 
of  a  rock,  they  are  described  as  implanted  globules. 

Nodular:  in  tuberose  forms,  or  having  irregular  protuberances  over  the 
surface. 

Amygdaloidal :  almond-shaped,  applied  often  to  a  rock  (as  diabase)  con- 
taining almond-shaped  or  subglobular  nodules. 

Coralloidal :  like  coral,  or  consisting  of  interlaced  flexuous  branchings  of  a 
white  color,  as  in  the  variety  of  aragonite  cvWe^  jlos  ferri. 

Dendritic:  branching  tree-like,  as  in  crystallized  gold.  The  term  den- 
drites is  used  for  similar  forms  even  when  not  crystalline,  as  in  the  dendrites 
of  manganese  oxide,  which  form  on  surfaces  of  limestone  or  are  inclosed  in 
"  moss-agates." 

Mossy :  like  moss  in  form  or  appearance. 

Filiform  or  Cnpillary :  very  sietider  nnd  long,  like  a  thread  or  hair;  con- 
sists ordinarily  of  a  succession  of  minute  crystals.     Ex.  millerite. 

Acirular :  slender  and  rij^id,  like  a  needle.     Ex.  stibnite. 

Reticulated:  net  like.     See  Art.  248. 

Drusy :  closely  covered  with  mituite  implanted  crystals.     Ex.  quartz. 

Stalnctitic:  when  the  mineral  occurs  in  pendent  columns,  cylinders,  or 
elongated  cones.  Stalactites  are  produced  by  the  percolation  of  water,  holding 
mineral  matter  in  solution,  through  the  rocky  roofs  of  caverns.  The  evapora- 
tion of  the  water  jirocinces  a  deposit  of  the  mineral  matter,  and  gradually 
forms  a  long  pendent  cylinder  or  cone.  The  internal  structure  may  be 
imperfectly  crystalline  and  granular,  or  may  consist  of  fibers  radiating  from 
the  central  column,  or  there  may  be  a  brojid  cross-cleavage.  The  most  familiar 
example  of  stalactites  is  afforded  by  calcite.  Chalcedony,  gibbsite,  limonite, 
and  some  other  species,  also  present  stalactitic  forms. 

The  term  amorphous  is  used  when  a  mineral  has  not  only  no  crystalline 
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form  or  imitative  shape,  bat  does  not  polarize  the  light  even  in  its  minnte 
particles,  and  thus  appears  to  be  destitute  wholly  of  a  crystslline  structure 
intenially,  as  most  opal.  Such  a  structure  is  also  called  colloid  or  jelly-like, 
from  the  Greek  KoXXa  (see  p.  6),  for  glue.  The  word  amorphous  is  from  a 
privative,  and  /i6p<f}r;,  shape. 


252.  Psendomorphoni  Crystals. — Every  mineral  species  has,  when  distinctly 
crystallized,  a  definite  and  charaicteristic  form.  Occasionally,  however,  crystals 
are  found  that  have  the  form,  both  as  to  angles  and  general  habit,  of  a  certain 
species,  and  yet  differ  from  it  entirely  in  chemical  composition.  Moreover,  it 
is  often  noted  in  such  cases  that,  though  in  outward  form  complete  crystals, 
in  internal  structure  the^  are  granular,  or  waxy,  and  have  no  regular  cleavage. 
Even  if  they  are  crystalline  in  structure  the  optical  characters  do  not  conform 
to  those  required  by  the  symmetry  of  the  faces. 

Such  crystals  are  called  pseudotnorphs,  and  their  existence  is  explained  by 
the  assumption,  often  admitting  of  direct  proof,  that  the  original  mineral  has 
been  changed  into  the  new  compound;  or  it  has  disappeared  through  some 
agency,  and  its  place  been  taken  by  another  chemical  compound  to  which  the 
form  does  not  belong.  In  all  these  cases  the  new  substance  is  said  to  be  a 
pseudomorph  after  the  original  mineral. 

Common  illustrations  of  pseud omorphons  crystals  are  afforded  b?  malachite 
in  the  form  of  cuprite,  limonite  in  the  form  of  pyrite,  barite  in  the  form  of 
Quartz,  etc.  This  subject  is  further  discussed  in  the  chapter  as  Gbemioal 
Mineralogy. 


PART  11.  PHYSICAL  MINERALOGY. 


25S.  The  physical  characters  of  minerals  fall  under  the  following 
heads: 

I.  Characters  depending  upon  Cohesion  and  Elasticity — viz.,  cleayage, 
fracture,  tenacity,  hardness,  elasticity,  etc. 

II.  Specific  Oravity,  or  the  Density  compared  with  that  of  water. 

III.  Characters  depending  upon  Light — viz.,  color,  luster,  degree  of  trans- 
parency, special  optical  properties,  etc. 

IV.  Characters  depending  upon  Heat — viz.,  heat-conductivity,  change  of 
form  and  of  optical  characters  with  change  of  temperature,  fusibility,  etc. 

V.  Characters  depend i tig  upon  Electricity  and  Magnetism. 

YI.  Characters  depending  upon  the  action  of  the  senses — ^viz.,  taste, 
odor,  feel. 

254.  General  Relation  of  Physical  Characters  to  Molecular  Structure. — It 
has  been  stated  on  pp.  5,  6  that  the  geometrical  form  of  a  crystallized  min- 
eral is  the  external  evidence  of  the  internal  molecular  structure.  A  full 
knowledge  in  regard  to  this  structure,  however,  can  onlv  be  obtained  by 
the  study  of  the  various  physical  characters  included  in  the  classes  enumerated 
above. 

Of  these  characters,  the  specific  gravity  merely  gives  indication  of  the 
atomic  mass  of  the  elements  present,  and  further,  of  the  state  of  molecular 
aggregation.  The  first  of  these  points  is  illustrated  by  the  hiijh  specific 
gravity  of  compounds  of  lead;  the  second,  by  the  distinction  observed,  for 
example,  between  carbon  in  the  form  of  the  diamond,  with  a  specific  gravity 
of  3*5,  and  the  same  chemical  substance  as  the  mineral  graphite,  with  a  specific 
gravity  of  only  2. 

All  the  other  characters  (except  the  relatively  unimportant  ones  of  Class 
VI)  in  general  vary  according  to  the  direction  in  the  crystal;  in  other  words, 
they  have  a  definite  orientation.  For  all  of  them  it  is  true  that  directions 
which  are  crystaUngrnphicnUy  identical  have  like  physictil  clwrncfers. 

In  regard  to  the  converse  proposition — viz.,  iliat  in  nil  directions  crt'stnl- 
lographically  dissimilar  there  may  he  a  vnrintion  in  thephysicnl  ch'trncters^  an 
important  distinction  is  to  be  made.  This  proposition  holds  true  for  all 
crystals,  so  far  as  the  characters  of  Class  I  are  concerned;    that  is,  those 
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depending  upon  the  cohesion  and  elasticity,  as  shown  in  the  cleavage,  hard- 
ness, the  planes  of  molecular  gliding,  the  etching- tigures,  etc.  It  is  also  true 
in  the  case  of  pyro-electricity  and  piezo-electricity. 

It  does  not  apply  in  the  same  way  with  respect  to  the  characters  which 
involve  the  propagation  of  light  (and  radiant  heat),  the  change  of  volume  with 
change  of  temperature;  further,  electric  radiation,  magnetic  induction,  etc. 

Thus,  although  it  will  be  shown  that  the  optical  characters  of  crystals  are 
in  agreement  in  general  with  the  symmetry  of  their  form,  they  do  not  show 
all  the  variations  in  this  symmetry.  It  is  true,  for  example,  that  all  directions 
are  optically  similar  in  a  crystal  belonging  to  any  group  under  the  isometric 
system;  but  this  is  obviously  not  true  of  its  molecular  cohesion,  as  may  be 
shown  by  the  cleavage.  Again,  all  directions  in  a  tetragonal  crystal  at  right 
angles  to  the  vertical  axis  are  optically  similar;  but  this  again  is  not  true  of 
the  cohesion.  These  points  are  further  elucidated  under  the  description  of 
the  special  characters  of  each  group. 


I.  CHARACTERS  DEPENDING  UPON  COHESION  AND 

ELASTICITY. 

256.  Cohesion,  Elasticity. — The  name  cohesion  is  dven  to  the  force  of 
attraction  existing  between  the  molecules  of  one  and  the  same  body,  in  con- 
sequence of  which  they  oifer  resistance  to  any  influence  tending  to  separate 
them,  as  in  the  breaking  of  a  solid  body  or  the  scratching  of  its  surface. 

Elasticity  is  the  force  which  tends  to  restore  the  molecules  of  a  body  back 
into  their  original  position,  from  which  they  have  been  disturbed,  as  when  a 
body  has  suffered  change  of  shape  or  of  volume  under  pressure. 

The  varying  degrees  of  cohesion  and  elasticity  for  crystals  of  different 
minerals,  or  for  different  directions  in  the  same  crystal,  are  shown  in  the 
prominent  characters:  cleavage,  fracture,  tenacity,  hardness;  also  in  the 
gliding-planes,  percussion-figures  or  pressure- figures,  and  the  etching-figures. 

256.  Cleavage.— Cleavage  is  the  tendency  of  a  crystallized  mineral  to 
break  in  certain  definite  directions,  yielding  more  or  less  smooth  surfaces. 
It  obviously  indicates  a  minimum  value  of  cohesion  in  the  direction  of  easy 
fracture — that  is,  normal  to  the  cleavage-plane  itself.  The  cleavage  parallel  to 
the  cubic  faces  of  a  crystal  of  galena  is  a  familiar  illustration.  An  amorphoi's 
body  (p.  6)  necessarily  can  show  no  cleavage. 

As  stated  in  Art.  31,  the  consideration  of  the  molecular  structure  of 
crystals  shows  that  a  cleavage- plane  must  be  a  direction  in  which  the  molecules 
are  closely  aggregated  together;  while  normal  to  this  the  distance  between 
successive  layers  of  molecules  must  be  relatively  large,  and  hence  this  last  is 
the  direction  of  easy  separation.  It  further  follows  that  cleavage  can  exist 
only  parallel  to  some  possible  face  of  a  crystal,  and,  further,  that  this  must  be 
one  of  the  common  fundamental  forms.  Hence  in  cases  where  the  choice  in 
the  position  of  the  axes  is  more  or  less  arbitrary  the  presence  of  cleavage  is 
properly  regarded  as  showing  which  planes  should  be  made  fundamental. 
Still  again,  cleavage  is  the  same  in  all  directions  in  a  crystal  which  are 
crystallographically  identical. 
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Cleavfrge  is  defined,  (1)  according  to  its  direction,  as  cubic,  octahedral, 
rhombohedral,  basal,  prismatic,  etc.  Also,  (2)  according  to  the  ease  with 
which  it  is  obtained,  and  the  smoothness  of  the  surface  yielded.  It  is  said  to 
be  perfect  or  eminent  when  it  is  obtained  with  great  ease,  affording  smooth, 
lustrous  surfaces,  as  in  mica,  topaz,  calcite.  Inferior  degrees  of  cleavage  are 
spoken  of  as  distinct,  indistinct  or  imperfect,  interrupted,  in  traces,  difficult. 
These  terms  are  sufficiently  intelligible  without  further  explanation.  It  may 
be  noticed  that  the  cleavage  of  a  species  is  sometimes  better  developed  in  so^e 
of  its  varieties  than  in  others. 

257.  Cleavage  in  the  Different  Systemi. — (1)  Id  the  isometric  ststbh,  cleavage  is  ctUne, 
when  parallel  to  the  faces  of  the  cube:  this  is  the  common  case,  as  illustrated  by  galena 
MDd  halite.  It  is  also  often  oetaliedral — tiiat  is,  parallel  to  ihe  octahedral  faces,  us  with 
fluorite  and  the  diamond.  Less  frequently  it  is  dodecahedral,  or  parallel  to  the  faces  of  the 
rhombic  dodecahedron,  as  wiih  sphalerite. 

In  the  TETRAGONAL  SYSTEM,  cicavage  is  often  basal,  or  parallel  to  the  basal  plane,  as 
with  apophyllite;  also  pr^i^ma^k;,  or  parallel  to  one  (or  both)  of  the  square  prisms,  as  with 
rutile  and  wernerite;  less  frequently  it  is  pyramidal,  or  parallel  to  the  faces  of  the  square 
pyramid,  as  with  scheelite. 

In  the  HEXAGONAL  SYSTEM,  cleavage  is  usually  either  basal,  as  with  beryl,  or  prismatic, 
parallel  to  one  of  the  six  sided  prisms,  as  with  nephelite;  pyramidal  cleavage,  as  with 
pyromorphite,  is  rare  and  imperfect. 

In  the  RHOMBOHEDRAL  DIVISION,  besidcs  the  basal  and  prismatic  cleavages,  rhombo- 
hedral cleavage,  parallel  to  the  faces  of  a  rhombohedrou,  is  also  common,  as  with  calcite 
and  the  allied  species. 

In  the  oRTHORHoMBic  SYSTEM,  clcavagc  parallel  to  one  or  more  of  the  pinacoids  is 
common.  Thus  it  is  basal  with  topaz,  and  iu  all  three  pinacoidal  directions  with  anhydrite. 
Prismatir  cletivage  is  also  common,  as  with  barite;  in  this  case  the  arbitrary  position 
assumed  in  describing  the  crystal  may  make  this  cleavage  parallel  to  a  **  horizontal 
prism,''  or  dome. 

In  the  MONOCLiNic  system,  elinodia^onal  cleavage,  parallel  to  the  clinopinacoid,  is 
common,  as  with  orthoclose.  gypsum,  heulaiidite  and  euclase ;  also  basal,  as  with  the 
micas  and  oilhoclase.  or  parallel  to  the  orthopinacoid;  also  prismatic,  as  with  amphibole. 
LesA  frequeufly  cleiivage  is  parallel  to  a  hemi-pyrainid,  as  with  gypsum. 

In  the  TRiCLiNic  system,  it  is  usual  and  proper  to  so  select  the  fundamental  form  as  to 
make  the  cleavage  directions  correspond  with  the  pinacoids. 

258.  In  some  cases  cleavage  which  is  ordinarily  not  observed  may  be  developed  by  a 
sharp  blow  or  by  sudden  change  of  temperature.  Thus,  quartz  is  usually  conspicuously 
free  from  cleavage,  but  a  quartz  crysml  heated  and  plunged  into  cold  wnler  ofien  shows 
planes  of  separation*  parallel  to  both  the  +  and  —  rhombohedrons  and  to  the  prism  as 
well.  Similarly,  the  prismatic  cleavage  of  pyroxene  is  observed  with  great  distinctness  in 
thin  sections,  nmde  by  grinding,  while  not  so  readily  noted  in  large  crystals. 

When  the  cleavage  is  panillel  to  a  closed  form— that  is.  when  it  is  cubic,  oclnhedral. 
dodecahednd,  or  rhombohedral  (also  pyramidal  in  the  tetragonal,  hexagonal,  and  ortho- 
rhombic  systems)— a  solid  resembling  a  crvstal  may  often  be  broken  out  from  a  single 
crystiilline  individual,  and  all  the  frairments  have  the  same  angles.  It  is,  in  geneml,  easy 
to  distinguish  such  a  cleavage  form,  as  a  cleavage  octahedron  of  fluonte, '  f rom  a  true 
crystal  by  the  splintery  character  of  the  faces  of  the  former. 

269.  Cleavage  and  Luster. -The  face  of  a  crystal  parallel  to  which  there  is  perfect 
cleavasre  often  shows  a  pearly  luster  (.see  p.  189),  due  to  the  partial  separation  of  the 
crvstal  into  parallel  plates.  This  is  illustrated  by  the  basal  plane  of  apophyllite.  the 
clinopinacoid  of  slilbite  and  heulandite.  An  iridescent  play  of  colors  is  also  often  seen, 
as  with  c.ilcite,  when  the  separation  has  been  sufficient  to  produce  the  prismatic  colors  by 
interference. 

260.  Gliding- planes.— Closely  related  to  the  cleavage  directions  in  their 
connection  with  the  cohesion  of  the  molecules  of  a  crystal  are  the  glidhig- 


•Lehmann  (Zs.  Kryst..  11,  608,  1886)  and  Judd  (Min.  Mag.,  8,  7,  1888)  regard  these 
gliding-planes  (see  Art.  260). 
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planes.*  or  directions  parallel  to  which  a  slipping  of  the  molecules  rouy  take 
place  under  the  application  of  meclianical  force,  as  by  pressure. 

This  may  have  the  result  of  simply  producing  a  se])aration  into  layers  in 

the  given  direction,  or,  on  the  other  hand,  and  more  commonly,  there  may  be 

41J5  a  revolution  of  the  molecules  into  a  new  twinning- 

position,    so    that    secondary    twimiing-lameUm    are 
formed. 

Thus,  if  a  crystal  of  halite,  or  rock  salt,  be  sub- 
jected to  gradual  pressure  in  the  direction  of  a  dodec- 
ahedral  face,  a  plane  of  separation  is  developed  normal 
to  this  and  hence  in  the  direction  of  another  face  of 
the  same  form.  There  are  six  such  directions  of 
molecular  slipping  aiid  separation  in  a  crystal  of  this 
substance.  Certain  kinds  of  mica  of  the  biotite  class 
often  show  pseudo-crystalline  faces,  which  are  undoubt- 
Bioiite.  edly  secondary  in  origin — that  is,  have  been  developed 

by  pressure  exerted  subsequently  to  the  growth  of  the  crystal  (cf.  Fig.  475). 

lu  stibuiie,  the  base,  c  (001).  uorinal  to  the  plane  of  perfect  cicnvuge,  is  n  glidiug-plane. 
Thus  a  8lippiiig  of  the  inoloculus  wiibout  iheir  sepunitiou  iiiny  bu  m.ide  to  take  phic«  by 
pressure  in  u  plane  (|c)  uormul  to  the  direct!  n  of  perfect  cleavage  (|6).  A  slender  priii. 
roatic  crystal  supported  near  the  ends  and  pressed  downward  hy  a  duli  Mi\gQ  is  reauily  beat, 
or  kuicked,  in  this  direction  without  the  parts  beyond  the  support  being  utfccted. 

261.  Secondary  Twinning. — The  other  case  mentioned  in  the  preceding 
article,  where  molecular  slipping  is  accompanied  by  a  half-revolution  (180**)  of 
the  molecules  into  a  new  twinning-position  (see  p.  118  et  seq)y\^  well  illustrated 
by  calcite.  Pressure  upon  a  cleavage-fragment  may  result  in  the  formation  of 
a  number  of  thin  lamellse  in  twinning-position  to  the  parent  mass,  the 
twinning-plane  being  the  obtuse  negative  rhombohedron,  e  (Oll2).  Secondary 
twinning-IamellaB  similar  to  these  are  often  observed  in  natural  cleavage- 
masses  of  calcite,  and  particularly  in  the  grains  of  a  crystalline  limestone,  as 
observed  in  thin  sections  under  the  microscope. 

Secondary  twinning-IamellaB  may  also  be  produced  (and  are  often  noted  in 
nature)  in  the  case  of  the  triclinic  feldspars,  pyroxene,  barite,  etc.  A  secondary 
lamellar  structure  in  quartz  has  been  observed  by  Judd,  in  which  the  lamellse 
consisted  of  right-handed  and  leCt-handed  portions. 

By  the  proper  mcfins  a  complete  calcite  twin  may  be  arliflciallv  produced  by  pressure. 
Thus,  if  acleavnge-fra^mentof  pHamalic  fonn.  aay  6-8  mm.  in  lencth  416, 

and  3-6  mm.  in  breadth,  be  placed  with  the  obtuse  edp«  on  a  Ann 
horizontal  support,  and  pressed  by  the  bhido  of  an  ordinary  table- 
knife  on  the  other  obtuse  edcrc  (nt  a,  Fij;.  470),  the  result  is  that  the 
portion  of  the  crystal  lyinp  between  a  and  h  is  reversed  in  p'^sftion, 
as  if  twinned  pandlel  to  the  horizontal  phine  (0112)  If  skillfully 
done,  the  twinninp  surface,  gcp,  is  perfecily  smooth,  and  tlie  re- 
entrant angle  corresponds  exactly  with  that  required  by  theory. 

262.  Parting. — The  secondary  twinning- planes  described 
are  often  directions  of  an  easy  separation — conveniently  called  parting — which 
may  be  mistaken  for  cloavage.f  The  basal  parting^  of  pyroxene  is  a  common 
example  of  such  pseudo-oleavnge;  it  was  Ions:  mistaken  for  cleavnsfe.  The 
basal  and  rhombohedral  (lOll)  and  the  less  distinct  prismatic  (ll50)  parting 


♦From  the  German.  OleitH'ichen. 

t  The  lamellar  stnictniie  of  a  massive  mineral,  without  twinning,  may  also  be  the  cause 
of  a  fracture  which  can  he  mistaken  for  cleavage. 
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of  coi-undum;  the  octahedral  parting  of  magnetite  (cf.  Fig.  456,  p.  136),  are 
other  examples. 

An  important  distinction  between  cleavage  and  parting  is  this:  parting  can 
exist  only  in  certain  definite  planes — that  is,  on  the  surface  of  a  twinning* 
lamella — while  the  cleavage  may  take  place  in  any  plane  having  the  given 
direction. 

263.  PercuBBion-fignreB. — Immediately  connected  with  the  gliding-planes 
are  the  figures— ciilled /?erc7/55ioyi-^^«re«  * — produced  upon  a  crystal  section 
by  a  blow  or  pressure  with  a  suitable  point.  In  such  cases,  the  method 
described  serves  to  develop  more  or  less  well-defined  cracks  whose  orientation 
varies  with  the  crystallographic  direction  of  the  surface.  477. 

Thus  upon  the  cubic  face  of  a  crystal  of  halite  a  four- 
rayed,  star-shaped  figure  is  produced  with  arms  parallel 
to  the  diagonals — that  is,  parallel  to  the  dodecahedral 
faces.    Ou  an  octahedral  face  a  three-rayed  star  is  obtained. 

The  percussion-figures  in  the  case  of  the  micas  have 
been  often  investigated,  and,  as  remarked  later,  they  form 
a  means  of  fixing  the  true  orientation  of  a  cleavage-plate 
having  no  crystalline  outlines.  The  figure  (Fig.  477)  is 
here  a  six-rayed  star  one  of  whose  branches  is  parallel  to 
the  clinopinacoid  (^),  the  others  approximately  parallel  to 
the  intersection  edges  of  the  prism  (111)  and  base  (c).\ 

Pressure  upon  a  mica  plate  produces  a  less  distinct  six-rayed  star,  diagonal 
to  that  just  named;  this  is  called  a  pressure  figure  (Germ.  JDruckfldche). 

864.  Solntionplanes. — In  the  cnse  of  mnny  crystals,  it  is  possible  to  prove  Ibe  existence 
of  cert  ill  (liiectioos.  or  structure- planes,  in  wbicli  chenn'cul  ariiou  takes  place  most  nadily — 
for  example,  when  a  crystal  is  under  gresit  pressure.  Tliese  directions  of  chemical  weakneFS 
Lave  liet'D  called  solution- "planet .  They  often  mnnilest  themselves  by  the  presence  of  a 
nniliiiufle  of  oriented  cavities  of  crystalline  outline  (Eocalicd  negative  crystals)  in  the  given 
direction. 

These  solution-planes  in  certain  cnpcs.  as  phown  by  Judd,  nrc  the  snme  ns  the  directions 
of  secondary  lainellnr  twi^ninc:,  as  is  illustrated  by  ralcite  ConneUed  with  this  is  the 
achilleritation  (see  Art.  848)  observed  in  certain  minerals  in  rocks  (as  diallage,  scbiller- 
apar). 

265.  Etching-figures. — Intimately  connected  with  the  general  subjects  here 
considered,  of  cohesion  in  relation  to  crystals,  are  the  figures  produced  by 
etcliiufif  on  crystalline  faces  ;  these  are  often  called  elchwg-figures.l  This 
method  of  investigation,  developed  particularly  by  Baumhauer,  is  of  high 
importance  as  revealiiiicj  the  molecular  structure  of  the  crystal  faces  under 
exann nation,  and  therefore  the  symmetry  of  the  crystal  itself. 

The  etching  is  performed  mostly  by  solvents,  as  by  water  in  some  cases, 
more  generally  the  ordinary  mineral  acids,  or  caustic  alkalies,  also  by  steam  at 
a  high  pressure  and  hydrofluoric  acid ;  the  last  is  especially  powerful  in  its 
action,  and  is  used  frequently  with  the  silicates.     The  figures  produced  are  in 


♦  From  the  German,  Sehlngfiguren.  The  percussion -figures  are  best  obtained  if  the 
crvtal  plate  under  investigation  be  supported  upon  a  liard  cushion  and  a  blow  be  struck 
with  a  liirht  hammer  upon  a  steel  rod  the  slightly  rounded  point  of  which  is  held  tirmly 
again«t  the  surface. 

fCf.  Wiilker.  Am.  J.  8c,  2.  5,  1896.  and  G.  Frirdel.  Bull.  80c.  Min..  19.  18.  1896. 
Walker  found  the  angle  opposite  h  (010)  (x  in  Fig  477)  to  be  SS"  to  56''  for  muscovite,  59* 
for  lenidolite.  60*  for  biotite,  and  61'  to  63*  for  phlogopite. 

%  From  the  German,  Aettfiguren, 
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the  majority  of  cases  angular  depressionH,  such  as  low  triangular  or  quadri- 


lateral pyramids,  whose  outlines  i 
478.  479. 


I  pnmllel  to  some  of  the  crystalliue 
edges.  Ill  some  cases  the  plaiies  produced 
can  be  referred  to  occurring  crystallo- 
graphic  fiices.  They  appear  alike  on  simi- 
lar faces  of  crvBtiila,  and  hence  serve  to 
distingiiieh  different  forms,  perhaps  in 
appearance  identical,  as  the  two  sets  of 
faces  ill  the  ordinary  double  pyramid  of 
quartz;  so,  too,  they  reveal  the  compound 
twinniiig-Gtructure  common  on  some 
crystals,  as  <|uartz  and  uragouite.  Further, 
their  form  in  general  corresponds  to  the 
symmetry  of  the  gronp  to  which  the  given 
crystal  belongs.  They  thug  reveal  the 
trapezohedrul  symmetry  of  quartz  and  the 
difference  between  a  riglit-handed  and  left-hnnded  crysnil  (Figs.  478,479); 
the  distinction  between  calcite  and  dolomite  (Figs.  483,  483);  the  distinctive 
character  of  apatite,  pyromorphite,  etc  ;  the  lieiiiiniorphic  symmetry  of  cala- 
mine and  nephelite  (cf.  Fig.  330,  p.  7.^).  etc.;  tliey  also  prove  by  tlieir  form 
the  monoclinic  cry  stall  ization  of  muscovite  and  other  micas  (Fig.  481). 

n  l>:i»>l  pill 


The  sbspe  of  the  elcliin^-Qgiirea  may  vnry  wilh  the  same  cnrslul  wilb  the  oalure  of  the 
solveul  employed,  though  (heir  aymmetry  remauis  roastitut.  For  eKBin|)k',  Fig.  484  shows 
the  Agures  ohtaineii  wltli  KpanRolite  liy  the  iiciion  of  tiulpLuHc  iiciil,  Kijr.  48-)  liy  the  same 
diluteil,  and  Fig.  4M  by  lijilrochloric  ucitl  or  difleicui  degiees  of  coucenlniilou. 

Of  the  same  nature  as  the  etching-figurea  artificially  produced,  in  their 


OHARACTKBS  DBPKMDIKO   DPON  COHESION   AND   ELASTICITY. 


ralatioD  to  the  Bjinmetry  of  the  crystal,  are  the  markings  often  observed  on 
the  natural  faces  of  crystals.  ^g^  ^gg 

These  are  sometimes  sec- 
ondary, caused  by  a  natural 
etching  process,  but  are  more 
often  an  irregularity  in  the 
crjBtalliue  development  of 
the  crystal.  The  inverted 
triangular  depressions  oftea 
seen  on  the  octahedral  faces 
of  diamond  crystals  are  an 
example.  Fig.  487  shows 
natural  depressions,  rbombo- 
hedral  in  character,  observed  on  corundum  crystals  from  Montana  (Pratt). 
Fig.  488  shows  a  twin  crystal  of  fluorite  with  natural  etching-figures  (Pireson); 
these  are  minute  pyramidal  depressions  whose  sides  are  parallel  to  the  faces 
of  the  trapezohedron  (311). 

266.  Corrosion  Forms. — If  the  etching  process  spoken  of  in  the  preceding 
article — whether  natural  or  artificial — is  continued,  the  result  may  be  to 
destroy  the  original  crystalline  surface  and  to  substitute  for  it  perhaps  a 
multitude  of  minute  elevations,  more  or  less  distinct;  or,  further,  new  faces 
may  be  developed,  the  crystallograpliic  position  of  which  ran  often  be 
determined,  thougli  the  symbols  miiy  be  compIex_  This  is  illustrated  by 
Fig.  4S9  of  beryl;  here  x  is  the  berylloid  (:i6-24-60-5).  The  mere  loss  of 
water  in  some  cases  produces  certain  corrosive  forms  (see  Pape,  literature). 

Peofielfi  Biibjpcied  n  upbere  of  qiinrti  (from  a  Bini|ile  rieht-liniiiled  individiinU  to  llie 
prolonged  sctioii  of  lij'ilroSuorlc  aciil.  Il  niia  round  lliiU  it  wiis  ntlacked  raiifdiy  in  llie 
dirucUoii  of  tlie  vertical  axix,  but  li.iroly  nl  nil  nl  tbu  -|-  txtremiiies  of  ihe  tixi-s.  Y\^.  4B0, 
491    show    tbe   form    reiiiaiDluj;   iifler  tbc    spta-rc    bud    becu    etched   for  aeveo  wei-ks; 


Fig.  480  la  a  basal  view;  Fig.  491.  n.  from  view;  the  circle  abowi  the  original  form  of 
tbe  sphere,  ibe  dotted  hexagon  ibe  rH>siiiou  of  tbe  axes.  Compare  also  the  results  of 
Ueyer  on  calclte  (nee  literature,  p.  163). 

267.  Fracture. — The  term  fracture  is  used  to  define  the  form  or  kind  of 
florface  obtained  by  breaking  in  a  direction  other  than  that  of  cleavage  in 
crystallized  minerals,  and  in  any  direction  in  massive  minerals.     When  the 
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cleavage  is  highly  perfect  in  several  directions,  as  the  rhombohedral  cleavage 
of  calcite,  fracture  is  often  not  readily  obtainable. 

Fracture  is  defined  as: 

{a)  Conchoidal ;  when  a  mineral  breaks  with  curved  concavities,  more  or 
less  deep.  It  is  so  called  from  the  resemblance  of  the  concavity  to  the  valve 
of  a  shell,  from  concha,  a  shell.  This  is  well  illustrated  by  obsidian,  also  by 
flint.  If  the  resulting  forms  are  small,  the  fracture  is  said  to  be  smalU 
conchoidal ;  if  only  partially  distinct,  it  is  subconchoidal, 

(b)  Even;  when  the  surface  of  fracture,  though  rough  with  numerous 
small  elevations  and  depressions,  still  approximates  to  a  plane  surface. 

(6*)  Uneven  ;  when  the  surface  is  rough  and  entirely  irregular;  this  is  true 
of  most  minerals. 

((L)  Hackly;  when  the  elevations  are  sharp  or  jagged ;  broken  iron. 

Other  terms  also  employed  are  earthy,  splintery ,  etc. 

268.  Hardness. — The  hardness  of  a  mineral  is  measured  by  the  resistance 
which  a  smooth  surface  offers  to  abrasion.  The  degree  of  hardness  is 
determined  by  observing  the  comparative  ease  or  difficulty  with  which  one 
mineral  is  scratched  by  another,  or  by  a  file  or  knife. 

In  minerals  there  are  all  grades  of  hardness,  from  that  of  talc,  impressible 
by  the  finger-nail,  to  that  of  the  diamond.  To  give  precision  to  the  use  of 
this  character,  a  scale  of  hardness  was  introduced  by  Mohs.*    It  is  as  follows: 

1.  Talc.  6.  Orthoclase, 

2.  Gypsum.  7.  Qxtartz. 

3.  Calcile.  8.  Topaz. 

4.  Fluorite.  9.  Sapphire. 

5.  Apatite.  10.  Diamond. 

Crystalline  varieties  with  smooth  surfaces  should  be  taken  so  far  as 
possible. 

If  the  mineral  under  examination  is  scratched  by  the  knife-blade  as  easily 
as  calcite  its  hardness  is  said  to  be  3;  if  less  easily  than  calcite  and  more  so 
than  finorite  its  hardness  is  3  5.  In  the  latter  case  the  mineral  in  Question 
would  be  soratched  by  fluorite  but  would  itself  scratch  calcite.  It  need 
hardly  be  added  that  great  accuracy  is  not  attainable  by  the  above  methods, 
though,  indeed,  for  purposes  of  the  determination  of  minerals  exactness  is 
qu  i te  n  n n ecessary. 

It  should  be  noted  that  minerals  of  grade  1  have  a  greasy  feel  to  the  hand; 
those  of  grade  2  are  easily  scratched  by  the  finger-nail;  those  of  grade  3  are 
rather  readily  cut,  as  by  a  knife  ;  of  gra<le  4,  scratched  rather  easily  by  the 
knife  ;  grade  5,  scratched  with  some  difficulty  ;  grade  6,  barely  scratched  by  a 
knife,  but  distinctly  by  a  file — moreover,  they  also  scratch  ordinary  glass. 
Minerals  as  hard  as  quartz  (H.  =  7),  or  harder,  scratch  glass  readily  but  are 
little  touched  by  a  file;  the  few  species  belonging  here  are  enumerated  in 
Appendix  B  ;  they  include  all  the  gems. 

269.  Sclerometer. — Accurate  determinations  of  the  hardness  of  minerals 
can  be  made  in  various  ways,  one  of  the  best  being  by  use  of  an  instrument 
called  a  scleromeler.    The  mineral  is  placed  on  a  movable  carriage,  with  the 

*  The  interval  between  2  nnd  8.  and  5  nnd  0.  in  tlie  sonic  of  Molis,  bcino:  a  little  greater 
than  between  the  other  numbers,  Broith:nipt  proposed  n  sciile  of  twelve  minerals  ;  but  tlie 
scale  of  Mohs  is  now  universally  accepted. 
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surface  to  be  experimented  upon  horizontal;  this  is  brought  in  contact  with  a 
steel  point  (or  diamond  point),  tixed  on  a  support  above;  the  weight  is  then 
determined  which  is  just  sufficient  to  move  the  carriage  and  produce  a  scratch 
on  the  surface  of  the  mineral. 

By  means  of  such  an  instrument  the  hardness  of  the  different  faces  of  a 
given  crystal  has  been  determined  in  a  variety  of  cases.  It  has  been  found 
that  different  faces  of  a  crystal  (e.g.y  cyanite)  differ  in  hardness,  and  the  same 
face  may  differ  as  it  is  scratched  in  different  directions.  In  general,  differences 
in  hardness  are  noted  only  with  crystals  which  show  distinct  cleavage;  the 
hardest  face  is  that  which  is  intersected  by  the  plane  of  most  complete 
cleavage.  Further,  of  a  single  face,  which  is  intersected  by  cleavage-planes, 
the  direction  perpendicular  to  the  cleavage-direction  is  the  softer,  those 
parallel  to  it  the  harder. 

This  subject  hns  been  investignted  by  Exner  (p.  155),  who  lias  given  the  form  of  the 
curves  of  hardness  for  the  (liffercni  fiicus  of  many  crystals.  These  curves  are  obtained  as 
foluws:  the  least  weiglit  required  to  scrntch  a  crysttdliue  surfnee  in  different  directions, 
for  eaeh  lO""  or  15\  from  0^  to  IbO",  is  determined  wiih  the  sclerotiieter:  tliese  directions 
are  laid  off  as  radii  from  a  center,  and  the  length  of  eacli  is  made  proportional  to  the  weight 
fixed  by  experiment — that  is,  to  the  hardress  thus  determined:  the  Hue  couuLcthig  the 
extremiiies  of  tiiese  rtidii  is  the  curve  of  iiardness  for  llie  given  face. 

The  following  table  gives  the  re<%ult8  obia  ned*  (^te  literature)  in  comparing  the  hard- 
ness of  the  minerals  of  the  scale  from  corundum,  No.  9,  taken  as  1000,  to  gypsum.  No.  2. 
Pfaff  used  the  method  of  boring  with  a  Rtandnrd  point,  the  hardness  being  tietermined  by 
the  number  of  rotations  ;  Uosiwal  used  a  stnndnrd  powder  to  grind  the  surface,  Jiiggar 
employed  his  microscleroineter,  tlie  method  being  esKentially  a  mmlificntion  of  thai  of 
Pfaff  By  means  of  this  instrument  he  is  alile  to  test  the  hardness  of  the  minerals  present 
in  a  thin  sectiDU  under  the  microscope.  Measurements  of  absolute  hardness  have  also  beea 
made  by  Auerbach. 

Pfaff.  1884.  Rosiwal,  1803.         JagRar.  1897. 

9.  Corundum  1000  1000  1000 

8.  Topaz 459  188  152 

7.  Qiariz  254  149  40 

6.  Orthoclase 191                        287  25 

5.  Apntite 58'5  620  1'23 

4   Fluorite  878  4*70  -75 

8.  Calcite 158  2  68  26 

2.  Gypsum 12  03  84  04 

270.  Belation  of  Hardness  to  Chemioal  Composition.— Some  general  facts  of  importance 
can  lie  stated  f  in  regaril  to  the  conueetiou  between  the  hardness  of  a  mineral  and  its 
chemical  composition. 

1.  Compounds  of  the  heavy  metals,  as  silver,  copper,  mercury,  lead,  etc.,  arc  soft,  their 
hardness  seldom  exeeeding  2*5  to  8. 

Among  the  compounds  of  the  common  metals,  the  sulphides  (arsenides)  and  oxides  of 
iron  (also  of  nicktl  and  cobalt)  arc  relaiively  hard  {e,g.,  for  pyritc  H.  =  0  to  0*0:  for 
hematite  H.  =  6,  etc.);  here  belong  also  columbite,  iron  niobate,  tanialite,  iron  tantalate, 
wolfnimiie.iidu  tungstate. 

2.  The  sulphides  nre  mostly  relatively  soft  (except  as  noted  in  1),  also  most  of  the 
carbonates,  sulphHtes,  and  phosphates. 

8.  Hydrous  sjilts  are  relatively  soft.  This  is  most  distinctly  shown  among  the  si  icates — 
€.g,,  compare  the  fe  dspars  and  zeolites. 

4.  Tile  conspicuously  hard  minerals  are  found  chiefly  among  the  oxides  and  silicntes; 
many  of  ihem  are  compounds  containing  aluminium — e  g.,  corundm),  dinspore.  clirysoberyl, 
and  many  alumiuo  silicates.  Outside  of  these  the  borate,  boracite,  is  hard  (H.  =  7);  also 
irido^mine. 

On  the  relation  of  hardness  to  specific  gravity,  see  Art.  280. 


•  M'he  numbers  are  here  given  as  tabulated  by  Jaggar. 
f  See  further  in  Appendix  B. 
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271.  Practical  Saggcctions. — Scveml  points  should  be  regai-ded  in  the  trials  of  hardness: 
(1;  If  the  ininenil  is  slightly  altered,  us  is  often  the  case  with  corundum,  garnet,  etc., 
the  surface  may  be  readily  scratched  when   this  would  be  impossible  with  the  miuerul 
itself;  a  trial  with  an  edge  of  the  latter  will  often  give  a  correct  result  in  such  a  ca^e. 

(2)  A  mineral  with  a  granular  surface  often  appears  to  be  scratched  when  the  grains 
have  been  only  torn  apari  or  crushed. 

(3)  A  relatively  soft  mineral  may  leave  a  faint  white  ridge  on  a  surface,  as  of  glass, 
which  can  be  misiiiken  for  a  scratch  if  carelessly  observed. 

(4)  A  crystal,  as  of  quartz,  is  often  slightly  scratched  by  the  edge  of  another  of  the  same 
species  and  like  hardness 

(5)  The  scratch  should  be  made  in  such  a  way  as  to  disfigure  the  specimen  as  little  as 
possible. 

272.  Tenacity.  — Minerals  may  be  either  brittle,  sectile,  malleable,  or 
flexible. 

(a)  Brittle ;  when  parts  of  a  mineral  separate  in  powder  or  grains  on 
attempting  to  cut  it,  as  calcite. 

(h)  Sectile;  when  pieces  may  be  cut  off  with  a  knife  without  falling  to 
powder,  but  still  the  mineral  pulverizes  under  a  hammer.  This  character  is 
intermediate  between  brittle  and  malleable,  as  gypsum. 

(c)  Malleable ;  when  slices  may  be  cut  off,  and  these  slices  flattened  out 
under  a  hammer;  native  gold,  native  silver. 

(d)  Flexible ;  when  the  mineral  will  bend  without  breaking,  and  remain 
bent  after  the  bending  force  is  removed,  as  talc. 

The  tenacity  of  a  substance  is  properly  a  consequence  of  its  elasticity. 

273.  Elasticity  —The  elasticity  of  a  solid  body  expresses  at  once  the 
resistance  which  it  makes  to  a  change  in  shape  or  volume,  and  also  its 
tendency  to  return  to  its  original  shape  when  the  deforming  force  ceases  to 
act.  If  the  limit  of  elasticity  is  not  passed,  the  change  in  molecular  position 
is  proportional  to  the  force  acting,  and  the  former  shape  or  volume  is  exactly 
resumed;  if  this  limit  is  exceeded,  the  deformation  becomes  permanent, a  new 
position  of  molecular  equilibrium  having  been  assumed;  this  is  shown  in  the 
phenomena  of  gliding-planes  and  secondary  twinning,  already  discussed. 
The  magnitude  of  the  elasticity  of  a  given  substance  is  measured  by  the 
coefficient  of  elasticity^  or,  better,  the  coefficient  of  restitution.  This  is 
deflned  as  the  relation,  for  example,  between  the  elongation  of  a  bar  of  unit 
section  to  the  force  acting  to  produce  this  effect;  similarly  of  the  bending  or 
twisting  of  a  bar.  The  subject  was  early  investigated  acoustically  by  Savart; 
in  recent  years,  Voigt  and  others  have  made  accurate  measures  of  the  elasticity 
of  many  substances  and  of  the  crystals  of  the  same  substance  in  different 
directions.  The  elasticity  of  an  amorphous  body  is  tlie  same  in  all  directions, 
but  it  clianges  in  value  with  change  of  crystallographic  direction  in  all 
crystals. 

The  distinction  between  elastic  and  inelastic  is  often  made  between  the 
species  of  the  mica  group  and  allied  minerals.  Muscovite,  for  example,  is 
described  as  "  highly  elastic,*'  while  phlogopite  is  much  less  so.  In  this  case 
it  is  not  true  in  the  physical  sense  that  muscovite  has  a  high  value  for  the 
coefficient  of  elasticity;  ics  peculiarity  lies  rather  in  the  fact  that  its  elasticity 
is  displayed  through  unusually  wide  limits. 
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II.  SPECIFIC  GRAVITY  OR  RELATIVE  DENSITY. 

274.  Definition  of  Specific  Orayity. — The  specific  grayity  of  a  mineral  is  tho 
ratio  of  its  density  ♦  to  that  of  water  at  4°  C.  (39-2''  F.).  This  relative  density 
may  be  learned  in  any  ense  by  comparing  the  ratio  of  the  weight  of  a  certain 
volume  of  the  given  substance  to  that  of  an  equal  volume  of  water;  hence  the 
specific  gravity  is  often  defined  as:  the  weight  of  the  body  divided  by  the  weight 
of  an  equal  volume  of  water. 

The  statement  that  the  specific  gravity  of  graphite  is  2,  of  corundum  4,  of 
galena  7*5,  etc.,  means  that  the  densities  of  the  minerals  named  are  2,  4,  and 
7*5,  etc.,  times  that  of  water;  in  other  words,  as  familiarly  expressed,  any 
volume  of  them,  a  cubic  inch  for  example,  weighs  2  times,  4  times,  7*5  times, 
etc.,  as  much  as  a  like  volume,  a  cubic  inch,  of  water. 

Strictly  speaking,  since  the  density  of  water  varies  with  its  expansion  or 
contraction  under  change  of  temperature,  the  comparison  should  be  made  with 
water  at  a  fixed  temperature,  namely  4°  C.  (39*2°  F.),  at  which  it  has  its  maxi- 
mum density.  If  made  at  a  higlier  temperature,  a  suitable  correction  should  be 
introduced  by  calculation.  JPractically,  however,  since  a  high  degree  of 
accuracy  is  not  often  called  for,  and,  indeed,  in  many  cases  is  impracticable  to 
attain  in  consequence  of  the  nature  of  the  material  at  hand,  in  the  ordinary 
work  of  obtaining  the  specific  gravity  of  minerals  the  temperature  at  which 
the  observation  is  made  can  safely  be  neglected.  Common  variations  of  tem- 
perature would  seldvoni  aHect  the  value  of  the  specific  gravity  to  the  extent  of 
one  unit  in  the  tMrJ  decimal  place. 

For  the  same  reason,  it  is  not  necessary  to  take  into  consideration  the  fact 
that  the  observed  weight  of  a  fragment  of  a  mineral  is  less  than  its  true  weight 
by  the  weight  of  air  displaced. 

Where  the  nature  of  the  investigation  calls  for  an  accurate  determination 
of  the  specific  gravity  (e.g.,  to  four  decimal  places),  no  one  of  the  precautions 
in  regard  to  the  purity  of  material,  exactness  of  weight- measurement,  temper- 
ature, etc.,  can  be  neglected. f  The  accurate  values  spoken  of  are  needed  in 
the  consideration  of  such  problems  as  the  specific  volume,  the  relation  of  molec- 
ular volume  to  specific  gravity,  and  many  others.  Some  of  these  have  been 
discussed  by  Schroder,  Hunt,  also  (for  salts)  by  Playfair  and  Joule,  etc. 

275.  Determination  of  the  Specific  Gravity  by  the  Balanc3. — The  direct 
comparison  by  weight  of  a  certain  volume  of  the  given  mineral  with  an  equal 
volume  of  water  is  not  often  practicable.  By  making  use,  however,  of  a 
familiar  principle  in  hydrostatics,  viz.,  that  a  solid  immersed  in  water,  in 
consequence  of  tho  buoyancy  of  the  latter,  loses  in  weight  an  amount  wiiich  is 
equal  to  the  weight  of  an  equal  volume  of  the  water  (that  is,  the  volume  it  dis- 
places)— the  determination  of  the  specific  gravity  becomes  a  very  simple 
process. 

The  weight  of  the  solid  in  the  air  {w)  is  first  determined  in  the  usual  man- 
ner; then  tlie  weight  in  water  is  found  {w')\  the  difference  between  tiiese 
weights— that  is,  the  loss  by  immersion  (w  —  w') — is  the  weight  of  a  volume  of 

♦  The  density  of  a  body  h  siriclly  the  mass  of  the  unit  volume.  Thus  if  a  cubic  ceuti- 
meter  of  water  (tit  its  maximum  density,  4*  C.  or  89*2°  F.)  is  taken  ns  the  unii  of  mai^.  the 
deii'^iiy  of  any  body — ns  L'^old — U  jriven  by  ilie  number  of  grams  of  luass  (about  19)  in  a 
cubic  cenlimeier;  in  thi**  case  llie  Siime  number,  19,  irives  Ibe  relative  <lfnsity  or  s|)ed6c 
gravity.  If,  liowever.  a  pound  U  tal<en  as  tlie  unit  of  mass,  and  the  cul)ic  fo<it  as  the  unit  of 
volume,  tlie  mass  of  a  cubic  fool  of  waier  is  1)2*5  lbs.,  that  of  gold  about  1188  lbs.,  aud  the 
specitic  gniv  ty  is  tiie  ratio  of  the  second  to  the  first,  or.  agaio,  19. 

t  Cf.  Earl  of  Berkeley  in  Min.  Mag.,  11,  64,  1895. 
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water  equal  to  that  of  the  solid;  finally,  the  quotient  of  the  first  weight  {w)  by 
that  of  the  equal  volume  of  water  as  determined  (to  —  w')  is  the  specific 
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492. 


A  common  method  of  obtaining  the  specific  gravity  of  a  firm  fragment  of 
a  mineral  is  as  follows:  First  weigh  the  specimen  accurately  on  a  good 
chemical  balance.     Then  suspend  it  from  one  pan  of  the  ^^^ 

balance  by  a  horse-hair,  silk  thread,  or,  better  still,  by  a  fine 
platinum  wire,  in  a  glass  of  water  conveniently  placed 
beneath,  and  take  the  weight  again  with  the  same  care; 
then  use  the  results  as  above  directed.  Tiie  platinum  wire 
may  be  wound  around  the  specimen,  or  where  the  latter  is 
small  it  may  be  made  at  one  end  into  a  little  spiral  support. 

276.  The  Jolly  BalaDce.— Instead  of  using  an  ordinary 
balance  and  determining  the  actual  weight,  the  spiral 
balance  of  Jolly,  shown  in  Fig.  492,  may  be  conveniently 
employed;  this  is  also  suitable  when  the  mineral  is  in  the 
form  of  small  grains.  The  mineral  is  first  placed  on  the 
glass  pan  c,  and  the  amount  that  the  spring  is  stretched 
noted  by  the  scale  number  (iV,),  opposite  to  which  tlie  index 
at  VI  comes  to  rest  (the  eye  sees  the  reflection  in  the  mirror 
and  thus  avoids  error  by  parallax).  If  from  N^  be  sub- 
tracted the  number  n,  expressing  the  amount  to  which  the 
scale  is  stretched  by  the  weight  of  spring  and  pans  alone,  the 
difference  will  be  proportional  to  the  weight  of  the  mineral. 
Next,  the  mineral  is  placed  in  the  lower  pan,  d,  immersed 
in  the  water,  and  again  the  corresponding  scale  number,  ^V,, 
rca<l.  The  difference  between  these  readings  (^V,  —  iV,)  is 
A  number  proportional  to  the  loss  of  weight  in  water.  The 
specific  gravity  is  then 

It  is  obviously  necessary  to  have  the  wires  supporting  the  lower  pan  immersed 
to  the  same  depth  in  the  case  of  each  of  the  three  determinations.  If  care  is 
taken  the  specific  gravity  can  be  obtained  accurate  to  two  decimal  places. 

277.  Pyenometer. — If  tiie  mineral  is  in  the  form  of  grains  or  small  frag- 
ments, the  specific  gravity  may  be  obtained  by  use  of  the  pyenometer.  This  is 
a  small  bottle  (Fig.  493)  having  a  stopper  which  fits  tightly  and  ends  in  a 
tube  with  a  very  fine  opening.  The  bottle  is  filled  with  distilled  water,  the 
stopper  inserted,  and  the  overflowing  water  carefully  removed  with  a  soft  cloth. 
It  is  now  weighed,  and  also  the  mineral  whose  density  is  to  be  determined. 
The  stopper  is  then  removed  and  the  mineral  in  powder  or  in  small  frag- 
ments inserted  with  care,  so  as  not  to  introduce  air-bubbles.*  The  water  which 
overflows  on  replacing  the  stopper  is  the  amount  of  water  displaced  by  the 
mineral.  The  weight  of  the  pyenometer  with  the  inclosed  mineral  is  deter- 
mine<l,  and  the  weight  of  the  water  lost  is  obviously  the  difference  between 
this  last  weight  and  that  of  the  bottle  and  mineral  together,  as  first  determined. 

*  II  isdifficuli  to  prevrnl  tlie  pre^'nce  of  .lir-lmbbleM.  hii«I  hence  ii  is  ofitMi  nt'crssury,  ia 
order  to  iusure  accunicy,  to  plucc  the  boiile  uiulur  an  uir-puuip  and  exhuust  ihu  uir. 
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The  specific  gratity  of  the  mineral  is  eqaal  to  ita  weight  alone  divided  by  the 
weight  of  the  equal  volume  of  water  thus  determined.  Where  this  method 
ie  followed  with  sufficient  care,  ea|)ecially  avoiding  any  change  of  temperature 
in  the  water,  the  results  may  be  highly  accurate. 

If  the  mineral  forma  a  porous  masa,  it  may  be  first  reduced  to  powder,  bat 
493.  it  is  to  be  noted  that  it  has  been  shown  by  Roee  that  chem- 

ical precipitates  have  uniformly  a  higher  density  than  belongs 
to  the  sume  substance  in  a  less  finely  divided  state.  This 
increase  of  density  also  characterizes,  though  to  a  less  extent, 
a  mineral  in  a  fine  state  of  mechanical  subdivision.  It  is  ex- 
plained by  the  condensation  of  the  water  on  the  surface  of 
the  powder. 

278.  Use  of  Llqaids  of  High  BenBity.— It  is  often  found 
convenient  both  in  the  determination  of  the  specific  gravity 
and  in  the  mechanical  separation  of  fragments  of  different 
specific  gravities  (e.ff.,  to  obtain  pure  material  for  analysis, 
or  again  in  the  study  of  rocks)  to  use  a  liquid  of  high  density 
— that  is,  a  so-called  heavy  solution.  One  of  these  is  the 
solution  of  mercuric  iodide  in  potassium  iodide,  called  the  Sonstudt  solution 
or  Thoulet  solution.  When  made  with  care*  It  has  a  maximum  density  of 
nearly  3-2,  which  by  dilution  may  be  lowered  at  will. 

A  second  solution,  often  employed.  Is  the  Klein  solution,  the  borotnngstate 
of  cadmium,  having  a  maximum  density  of  3  6.  This  again  may  be  lowered 
at  will  by  dilution,  observiiig  certain  necessary  precautions.  Still  a  third 
solution  of  much  practical  value  is  that  proposed  by  Brauns,  methyl  iodide, 
which  has  a  specific  gravity  of  3-324.  A  number  of  other  solutions,  more  or 
less  practical,  liave  »Iso  been  suggested  (see  papers  referred  to  in  the  litenkture 
on  p.  IGO,  which  also  give  the  necessary  directions  for  the  use  of  the  liquids). 
When  one  of  these  liquids  is  to  be  used  for  the  determination  of  the  specific 
gravity  of  fragments  of  a  certain  mineral  it  must  be  diluted  until  the  frag- 
ments just  float  and  the  specific  gravity  then  obtained,  most  conveniently  by 
the  Westphal  balance  (Art.  279). 

When,  on  the  other  hand,  the  liquid  is  to  be  used  for  the  separation  of  the 
fragments  of  two  or  more  minerals  mixed  together,  the  material  is  first  reduced 
to  the  proper  degree  of  fineness,  the  dust  and  smallest  fragments  being  sifted 
out,  then  it  is  introduced  into  the  solution  and  this  diluted  until  one  con- 
stituent after  another  sinks  and  is  removed.  For  the  convenient  application 
of  this  method  a  suitable  tube  is  called  for  and  certain  precautions  must  be 
observed ;  compare  the  papers  noted  in  the  literature  (p.  160),  especially  one  by 
Penfield. 

279.  WMtplial'i  BftluiOB.— The  Weatplml  balance  la  conveniently  used  to  determine  llie 
specific  gmvjlyiif  h  11i|ui(t,  and  hence  of  a  mineral  wlieu  a  iieavy  sofulioo  U  employed  (Art. 
STB).  It  consists  eBaenlialiy  of  a  graduated  steelyard  arm.  upon  wliicli  tLe  wi-iglils.  in  llie 
form  or  riders,  are  placed.  TLesc;  must  be  «o  adjuBled  that  tlit!  sinker  is  freely  BUBptnded 
tn  the  given  Hqnid  white  the  Index  at  llie  end  points  tn  tbe  zero  of  liie  snile  nnn  sliowH  llinl 
the  arm  is  lionzoiitul  (cf.  Hosenbiiscti,  Mikr,  Pliys.  Mln..  p.  346).  The  gnidiiiilion  usiia.ly 
allows  of  the  Hpcclfic  frrHvity  being  rend  of!  direct  1y  without  calculntion. 

380.  Bslatlon  ot  DBniit;  to  Hardnau,  ChBmiMi  Oompoiltlon.  ato.— The  de']sily,  or  spc  rifle 
gravity,  of  a  Rolid  depends,  first,  upim  tbe  nnlnre  of  tile  clieiniciil  substance!'  wbicli  It  r/>D- 
taina.  and,  second,  upon  the  stale  of  molecular  aggregatiun. 

Tims,  rift  iin  lliuairation  of  tlie  first  poiot.  all  l^nd  compounds  have  a  Ijigli  dcnstly 
(G.  =  about  6),  since  lend  is  n  litiavy  metal,  or.  chcmic:dly  expressed,  lias  a  bf^'li  alondc 
weiglit  {206  4)      Similsrly,  barinm  sulpliate,  barite,  has  a  siiecific  gravity  of  4  5,  while  for 

t  See  the  directinus  by  Goldschraidl,  lefcrence  on  p.  160. 
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calcium  sulphate  or  anhydrite  the  value  is  only  2*95  (at.  weight  for  barium  187,  for  calcium 
about  40). 

On  the  other  hand,  while  aluminium  is  a  metal  of  low  density  (G.  =  2*5  and  atomic 
weieht  =  27),  its  oxide,  corundum,  htis  a  remarkably  high  density  (G.  =  4)  and  is  also  very 
hard  (H.  =  9).  Again,  carbon  (at.  weight  =  12)  has  a  high  density  in  the  diamond  (G.  ==3*5) 
and  low  in  graphite  (G.  =  2);  also,  the  tiist  is  hard  (H.  =  10),  the  second  soft  (H.  =  1*5).  In 
these  and  similar  cases  the  high  density  signifies  great  molecular  aggregation,  and  hence  it 
is  natural  that  it  should  be  accompanied  by  great  hardness  and  resistance  to  the  attack  of 
acids. 

As  bearing  upon  this  point,  it  is  to  be  noted  that  the  density  of  many  substances  is 
altered  by  fusion.  Again,  the  same  mineral  in  different  states  of  molecular  aggregation 
may  differ  (but  only  slightly)  in  density.  Furthermore,  minerals  having  the  same  chenaical 
composition  have  sometimes  different  densities,  corresponding  to  the  different  crystalline 
forms  in  which  they  appear.  Thus  in  the  case  of  calcium  carbonate  (CaCOs),  calciie  has 
G.  =  2-7.  aragonite  has  G.  =  2-9. 

281.  Average  Speoiflo  Gravities.— It  is  to  be  noted  that  among  minerals  of  unmetalijc 
LUSTER  the  aoerage  specific  gravity  ranges  from  2*6  to  8.  Here  belong  quartz  (.i  66), 
CJilcite  (2*7),  the  feldspirs  (2'6-2*75).  muscovite  (2*8)  A  specific  gravity  of  2  5  or  less  is 
law,  and  is  chanicteristic  of  soft  minerals,  and  often  those  wLich  are  hydrous  (e.g.,  gypsum, 
G.  =  2  8).  The  common  species  fluorite,  tourmaline,  apatite,  vesuvianite,  amphibole. 
pyroxene,  and  epidotc  lie  just  above  the  limit  given,  nnmely,  3*0  to  3*5.  A  specific  gravity 
of  3*5  or  above  is  relatively  high,  and  belongs  to  hard  minerals  (ais  corundum,  see  Art.  880), 
or  to  those  containing  a  heavy  metal,  as  compounds  of  strontium,  barium,  also  iron,  tungsten, 
copper,  silver,  lead,  mercury,  etc. 

With  minerals  of  metallic  lubtbr,  the  average  is  about  5  (here  belong  pyrite,  hematite, 
etc.),  while  if  below  4  it  is  relatively  low  (graphite  2,  stibnite  4*5) ;  if  7  or  above,  relatively 
high  (as  galena,  7*5). 

Tables  of  minerals  arranged  accordinc:  to  their  specific  gravity  are  given  in  Appendix  B. 

882.  Constancy  of  Speeifle  Gravity. — The  specific  gravity  of  a  mineral  species  is  a  character 
of  fundamental  importance,  and  is  highly  constant  for  different  specimens  of  the  same 
species,  if  pure,  free  from  cavities,  solid  inclusions,  etc.,  and  if  essentially  constant  in  com- 
position. In  the  case  of  many  species,  however,  a  greater  or  less  variation  exists  in  the 
chemical  composition,  and  this  at  once  causes  a  variation  in  specific  gravity.  The  different 
kinds  of  garnet  illustrate  this  point ;  also  the  various  minerals  intermediate  between  the 
tantalate  of  iron  (and  manganese)  and  the  niobate,  varying  from  G.  =  7*3  or  above  to 
G.  =  5  H. 

888.  Praotioal  Snggestions. — It  should  be  noted  that  the  determination  of  the  specific 
gravity  has  little  value  unless  the  fragment  taken  is  pure  and  is  free  from  impurities,  internal 
and  external,  and  not  porous.  Care,  must  be  taken  to  exclude  air-bubbles,  and  it  will  often 
be  found  well  to  moisten  the  surface  of  the  specimen  before  inserting  it  in  the  water,  and 
sometimes  boiling  (or  the  use  of  tlie  air-pump)  is  necessary  to  free  it  from  air.  If  it  absorbs 
water  this  latter  process  must  be  allowed  to  go  on  till  the  substance  is  fully  »iturated.  No 
accurate  determinations  can  be  made  unless  the  changes  of  temperature  are  rigorously 
excluded  and  the  actual  temperature  noted. 

In  a  mechanical  mixture  of  two  constituents  in  known  proportions,  when  the  specific 
gravity  of  the  whole  and  of  one  are  known,  that  of  the  other  can  be  readily  obtained.  This 
method  is  often  important  in  the  study  of  rocks. 

It  is  to  be  noted  that  the  hand  may  be  soon  trained  to  detect  a  difference  of  specific 
gravity,  if  like  volumes  are  taken,  even  in  a  small  fragment— thus  the  difference  between 
caloite  oi  albite  and  barite,  even  the  difference  between  a  small  diamond  and  a  quartz 
crystal,  can  be  detected. 
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in.    CHARACTERS  DEPENDING  UPON  LIGHT. 

GENERAL  PRINCIPLES  OF  OPTICS. 

284.  Before  considering  the  optical  characters  of  minerals  in  general,  and 

more  particularly  those  that  belong  to  the  crystals  of  the  different  systems,  it 

is  desirable  to  review  briefly  some  of  the  more  important  principles  of  optics 

upon  which  the  phenomena  in  question  depend. 

For  u  fuller  discuMsion  of  the  optics  of  crystals,  special  reference  is  made  to  the  worki 
of  Groth,  Liebisch,  Mallard,  aud  Koseubusch  (and  tninslation  by  Iddiu^)  iiieDtit>ucil  on 
pp.  3  and  4;  also  to  the  various  advance<l  text-books  of  I'hysics.  The  nieih(»d.H  of 
iuvestigatiuu.  with  the  results  of  the  exaniiuatiou  of  many  S|)ecies.  are  given  io  ihe  adniirabltf 
memoirs  by  Des  Cioizeaux  in  Ann.  Mints.  11.261-842,  1857:  14,  8^9-420,  18*18;  6.  5:i7- 
695,  1864.  Also  his  Nouvelles  Uecherches,  etc.,  2.2  pp.,  1867.  Early  observations  were 
also  published  by  Grailich  (Vienna,  18*>0)  and  by  Gniilich  and  von  Lang  (Ber.  Ak.  Wlen, 
27.  8.  1857;  32.  43.  1858;  33,  8G9,  1858).  liefereuces  to  muoy  importaut  papers  iu  special 
subjects  are  giveu  later. 

285.  Nature  of  Light. — The  propagation  of  light  from  a  luminous  body,  as 
the  sun  or  a  candle-flame,  is  believed  to  be  accomplished  by  a  very  rapid  wave- 
motion*  in  the  itiedium  called  the  himiniferous  ether,  which,  it  is  assumed, 
pervades  all  space  as  well  as  all  material  bodies. 

286.  The  Ether.— The  assumption  of  the  medium  called  the  ether  is 
necessary,  since  without  this  it  is  impossible  to  explain  the  transmission  of 
light  through  space  where  no  ordinary  medium  (as  the  air)  is  present. 
Furthermore,  as  the  velocity  of  light  even  within  solid  media,  though  less 
than  that  in  a  vacuum  or  in  air,  is  still  enormously  rapid,  it  is  inconceivable 
that  it  should  be  propagated  by  the  molecules  of  the  body;  hence  the  assump- 
tion, otherwise  verified,  that  the  ether  pervades  all  material  bodies  The 
properties  of  the  ether,f  however,  are  modified  by  the  molecuhir  structure  of 
the  given  body,  as  is  proved  by  the  fact  that  the  velocity  of  light  varies  with 
the  chemical  nature  of  the  substance,  and  also  in  certain  cases  with  the  direc- 

♦■  It  i«*  now  penerally  accepted  that  li|rli*  is  nn  electro-mngnetic  phcnouienon  and  thai 
the  nature  of  tlie  pericxlic  motion  in  the  ether  b}'  which  \\\i\\\  is  propngnte'.!  is  the  sanic  as 
that  involved  in  the  trnnsmission  of  electric  wnves  produced  for  exunjple,  by  a  very  npitt 
oscillatory  electric  discharge  between  two  sp:irk* knobs.  In  fact  these  electric  wnves  have 
been  shown  to  travel  with  the  R<ime  velocity  as  light-waves,  and  to  exhibit  like  pheno'itfua 
of  reflcC'ion.  refraction,  polarization,  etc.;  hence  they  are  believed  to  dilfcr  from  litrht- 
waves  only  in  their  nincli  greater  lenirii.  Foi  the  pur|>oses  of  the  present  work,  howi  ver, 
light  waves  are  treated  of  as  if  a  nicclmnicnl  phenomenon,  but  all  iissuniption  of  va*iation8 
of  the  "elasticity  of  the  ether"  iu  crys-tals  as  an  explanation  of  the  observed  variation  of 
light- velocity  is  avoided. 

f  Reference  is  made  to  an  article  by  Clerk  IMaxwcH  in  the  Encyclopedia  Biitanniea  for 
S  discussion  of  the  general  properties  of  the  luminiferous  ether. 
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tijn  in  the  given   crystallized   medium   as  corresponding  to  its  particular 
molecular  structure. 

287.  Wave-motion  in  Oeneral. — A  familiar  example  of  wave-motion  is 
given  by  the  series  of  concentric  waves  which  on  a  surface  of  smooth  water 
go  out  from  a  center  of  disturbance,  as  the  point  where  a  pebble  has  been 
dropped  in.  These  surface-waves  are  propagated  by  a  motion  of  the  water- 
particles  which  is  transverse  to  the  direction  in  which  the  waves  themselves 
travel;  this  motion  is  given  from  each  particle  to  the  next  adjoining,  and  so 
on.  Thus  the  particles  of  water  at  any  one  spot  oscillate  up  and  down,* 
while  the  wave  moves  on  as  a  circular  ridge  of  water  of  constantly  increasing 
diameter,  but  of  diminishing  height.  The  ridge  is  followed  by  a  valley, 
indeed  both  together  properly  coustitute  a  wave  in  the  physical  sense*  This 
compound  wave  is  followed  by  another  wave  and  another,  until  the  original 
impulse  has  exhausted  itself. 

Another  familiar  kind  of  wave-motion  is  illustrated  by  the  sound-waves 
which  in  the  free  air  travel  outward  from  a  sonorous  body  in  the  form  of 
concentric  spheres.  Here  the  actual  motion  of  the  layers  of  air  is  forward 
and  back — that  is,  in  the  direction  of  propagation  of  the  sound — and  the  effect 
of  the  transfer  of  this  impulse  from  one  layer  to  the  next  is  to  give  rise 
alternately  to  a  condensed  and  rarefied  shell  of  air,  which  together  constitute 
a  sound-wave  and  which  expand  in  spherical  waves  of  constantly  decreasing 
intensity  (since  the  mass  of  air  set  in  motion  continually  increases).  Sound- 
waves, as  of  the  voice,  may  be  several  feet  in  length,  and  they  travel  at  a  rate 
of  1120  feet  per  second  at  ordinary  temperatures. 

288.  It  is  important  to  understand  that  in  both  the  cases  mentioned,  as  in 
every  case  of  free  wave-motion,  each  point  on  a  given  wave  may  be -considered 
as  a  center  of  disturbance  from  which  a  system  of  new  waves  tend  to  go  out. 
I'hese  individual  wave-systems  ordinarily  destroy  each  other  except  so  far  as 
the  onward  progression  of  the  wave  as  a  whole  is  concerned.  This  is  further 
discussed  and  illustrated  in  its  application  to  light- waves  (Art.  292  and 
Figs.  495,  496). 

In  general,  therefore,  a  given  wave  is  to  be  considered  as  the  resultant  of 
all  these  minor  wave-systems.  If,  however,  a  wave  encounters  an  obstacle  in 
its  path,  as  a  narrow  opening  (i.e.,  one  narrow  in  comparison  with  the  length 
of  the  wave)  or  a  sharp  edge,  then  the  fact  just  mentioned  explains  how  the 
waves  seem  to  bend  about  the  obstacles,  since  new  waves  start  from  them  as 
centers.  This  principle  has  an  important  application  in  the  case  of  light- 
waves, explaining  the  phenomena  of  diffraction  (Art.  308). 

289  Still  nnotlier  cose  of  wave  mot  ion  may  be  meutioned,  since  it  is  particularly  helpful 
in  giving  u  correct  npprchcnsioii  of  light-phenomena.  If  a  long  rope,  attached  at  one  end, 
be  grH8|ied  at  the  other,  a  quick  motion  of  the  hand,  up  or  down,  will  give  rise  to  a  half 
wave-form— in  one  case  a  crest,  in  the  other  a  trough — which  will  travel  quickly  to  the 
other  hand  and  he  rctlected  back  with  a  reversal  in  its  position;  that  is,  if  it  went  forward 
ns  n  bill-like  wave,  it  will  return  as  a  trough.  If.  just  as  the  wave  has  reached  the  end,  a 
81'cond  like  one  be  started,  the  two  will  meet  and  pass  in  the  middle,  but  here  for  a  brief 
interval  the  rr)pe  U  sensibly  at  rest,  since  it  feels  two  equal  and  opposite  impulses.  This 
will  be  seen  later  to  be  a  case  of  the  simple  interference  of  two  like  waves  opposed 
in  phase. 

Agtdn.  a  double  motion  of  the  hand,  up  and  down,  will  produce  a  complete  wave,  with 
crest  and  trough,  as  the  result,  and  this  again  is  reflected  back  as  in  the  simpler  case. 
Still  Again,  if  a  series  of  like  motions  are  continued  rhythmically  and  so  timed  that  each 
wave  is  an  even  part  of  the  whole  rope,  the  two  systems  of  equal  and  opposite  waves 
pn&sing  in  the  two  directions  will  interfere  and  a  system  of  so-called  stationary  waves  will 

*  Strictly  speaking,  the  path  of  each  particle  approximates  closely  to  a  circle. 
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be  the  result,  the  rope  Eeeming  to  vibrate  iu  segments  to  aud  fro  about  the  position  of 
equilibrium. 

Filially,  if  the  eud  of  the  rope  be  made  to  describe  a  small  circle  at  a  rapid,  uniform. 
rliythinicul  rate,  a  system  of  stationary  waves  will  again  result,  but  now  the  vibrations  of 
the  siring  will  be  sensibly  iu  circles  about  the  central  line,  'ibis  last  case  will  be  seen  to 
roughly  indicate  the  kmd  of  tmusverse  vibrations  by  which  the  waves  of  circularly 
polarized  light  are  propagated,  while  the  former  case  represents  the  vibrations  of  waves  of 
what  is  called  plane-polarized  light. 

All  these  cases  of  waves  obuiined  wiih  a  rope  deserve  to  be  carefully  considered  and 
studied  by  experiment,  for  the  sake  of  the  assistance  tl  ey  give  to  an  understanding  of  the 
complex  [)heuouieua  of  light- waves. 

290.  Wave-length,  Amplitude,  etc. — In  the  cases  mentioned,  as  in  all  kinds 
of  simple  wave- motion,  the  length  of  a  wave  is  the  distance  from  any  one 
particle  of  the  medium  to  the  next  which  is  moving  iu  the  same  direction 
with  the  same  velocity,  or,  technically  expressed,  which  is  in  the  same  phase. 
The  amplitude  of  the  wave  is  the  excursion  to  or  fro  from  its  position  of 
equilibrium  made  by  each  particle  in  succession.  Further,  the  wave-system 
travels  onward  the  distance  of  one  wave-length  in  the  time  that  a  given 
particle  makes  a  complete  excursion  to  and  fro. 

291.  Light-waves.— The  propagation  of  ether-waves  involves  the  same 
fundamental  principles  its  the  familiar  forms  of  wave-motion  just  considered. 
Here  the  motion  of  the  medium  is  transverse  to  the  direction  of  propagation, 
and  this  motion  may  be  regarded  as  communicated  from  one  set  of  particles 
to  the  next  and  so  on,  the  ether-waves  traveling  as  concentric  spherical  waves 
(in  an  isotropic  medium)  outward  in  all  directions  from  the  luminous  poiut. 

The  nature  of  the  vibrations  will  be  better  understood  from  Fig.  494. 
If  AB  represents  the  direction  of  propagation  of  the  light,  each  particle  of 
ether  must  vibrate  at  rigiit  angles  to  this  as  a  line  of  equilibrium.  The 
vibration  of  the  first  particle  induces  a  similar  movement  in  the  adjacent 
particle;  this  is  communicated  to  the  next,  and  so  on.  The  particles  vibrate 
successively  from  the  line  AB  to  9,  distance  corresponding  to  bh\  the  amplitude 
of  the  vibration,  then  return  to  h  and  pass  on  to  b",  and  so  on.  Thus  at  a 
given  instant  there  are  particles  occupying  all  positions,  from  that  of  the 


extreme  distance  V,  or  c',  from  the  line  of  equilibrium  to  that  on  this  line. 
In  this  way  the  wave  moves  forward,  while  the  motion  of  the  particles  is  only 
transverse.  The  distance  between  any  particle  and  the  next  which  is  in  a  like 
position — I.e.,  of  \Wq  phase ^  as  6' and  r' — \s  the  wave-lefK/th  ;  and  the  time 
required  for  this  completed  movement  is  the  time  of  vibration,  or  vibration- 
period.  The  intensity  of  the  light  varies  with  the  amplitude  of  the  vibration, 
and  the  color,  as  explained  in  a  later  article,  depends  upon  the  length  of  the 
waves;  the  length  of  the  violet  waves  is  about  one-half  tlie  length  of  the  red 
waves. 

In  ordinary  light  the  transverse  vibrations  are  to  be  thought  of  as  taking 
place  in  all  planes  about  the  line  of  propagation.  In  the  above  figure, 
vibrations  in  one  plane  only  are  represented;  light  which  is  thus  one-sided  or 
has  only  one  direction  of  transverse  vibration  is  said  to  bo  plane-polarized. 

Light-waves  have  a  very  minute  lenarth,  only  0000023  of  an  inch  for  the 
yellow  sodium  flame,  and  they  travel  with  enormous  velocity,  186,000  miles 
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per  second  in  a  vacuum;  thus  light  passes  from  the  sun  to  the  earth  in  about 
eight  minutes.  The  vibration-period,  or  time  of  one  oscillation,  is  consequently 
extremely  brief;  it  is  given  by  dividing  the  distance  traveled  by  light  in  one 
second  by  the  number  of  waves  included. 

292.  Wave-front. — In  an  isotropic  medium,  as  air,  water,  or  glass— that 
is,  one  in  which  light  is  propagated  in  all  directions  about  the  luminous  point 
with  the  same  velocity — the  waves  are  spherical  in  form.  The  wave-front  is 
the  continuous  surface,  in  this  case 
spherical,  which  includes  all  particles 
which  commence  their  vibration  at  the 
same  moment  of  time.  Obviously  the 
curvature  of  the  wave-front  diminishes 
as  the  distance  of  the  source  of  light 
increases,  and  when  the  lij^ht  comes 
from  an  indefinitely  great  distance  (as 
the  sun)  the  wave-front  becomes  sen- 
sibly a  plane  surface.  Such  waves  are 
usually  called  plane  waves.  These 
cases  are  illustrated  by  Figs.  495  and 
496L  In  Fig.  495  the  luminous  point 
is  supposed  to  be  at  0,  and  the  medium 
being  isotropic,  it  is  obvious  that  the 
wave-front,  as  ABC ...  0,  is  spherical. 
It  is  also  made  clear  by  this  fignre  how, 
as  briefly  stated  in  Art.  288,  the  result- 
ant of  all  the  individual  impulses  which 
go  out  from  the  successive  points,  as 
a,  by  Cy  etc.,  as  centers,  form  a  new 
wave-front,  ahc . . .  ^,  concentric  with 
ABC.  ..O.  In  Fig.  496  the  luminous 
body  is  supposed  to  be  at  a  great  dis- 
tance, so  that  the  wave-front  AB .. .  F 
is  a  plane  surface.  Here  also  the  individual  impulses  from  Ay  By  etc.,  unite 
to  form  the  wave-front  ah.  ..  /"parallel  to  AB . . .  F. 

293.  Light-ray. — The    study  of    light-phenomena  is,   in    certain    cnses, 
facilitated  by  the  conception  of  a  Ught-rayy  a  line  drawn  from  the  luminous 

point  to  the  wave-front,  and  whose 
direction  is  taken  so  as  to  represent  that 
of  the  wave  itself.     In  Fig.  495  OA ,  OB, 

-  etc.,  are  diverging  light-rays,  and  in 
Fig.   496    OAy   OB,   etc.,    are    parallel 

"  light-rays.  In  both  these  cases,  wheie 
Uie  medium  is  assumed  to  be  isotropic, 
the  light-ray  is  normal  to  the  wave- 
front.  This  is  equivalent  to  saying  that 
the  light-wave  moves  onward  in  a  direc- 

^    tion  normal  to  the  wave-front. 

It    must    be    understood    that    the 

"     "  light-ray ''  has  no  real  existence  and  is 
to  be  taken  only  as  a  convenient  method 
'  of  representing  the  direction  of  motion 

of  the  light-waves  under  varying  conditions.   Thus  when  by  appropriate  means 
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{e.g.,  the  use  of  lenses)  the  curvature  of  the  wave-front  is  altered — forexample^ 
if  from  being  a  plane  surface  it  is  made  sliarply  convex — tlien  the  light-rays, 
at  first  parallel,  are  said  to  be  made  to  diverge.  Again,  if  the  convex  wave- 
front  is  made  plane,  the  diverging  light-rays  are  then  said  to  be  made 
parallel. 

294.  Wave-length.  Color.  White  Light. — Notwithstanding  the  very  small 
length  of  the  waves  of  light,  they  can  be  measured  with  great  precision.  The 
visual  part  of  the  waves  going  out  from  a  brilliantly  incandescent  body,  as  the 
glowing  carbons  of  an  electric  arc-light,  may  be  shown  to  consist  of  waves  of 
widely  varying  lengths.  They  include  red  waves  whose  length  is  about  r^^inr 
of  an  inch  and  waves  whose  length  constantly  diminishes  without  break, 
through  the  orange,  yellow,  green,  and  blue  to  the  violet,  whose  minimum 
length  is  about  half  of  that  of  the  red.  The  length  of  each  group  of  these 
waves  determines  the  sensation  of  color  which  the  eye  perceives.  This  color  is 
strictly  monochromatic  only  when  it  corresponds  to  one  definite  wave-length; 
this  is  nearly  true  of  the  bright  yellow  sodium  lice,  though  strictly  speaking 
this  consists  of  two  sets  of  waves  of  slightly  different  lengths. 

The  effect  of  ^^  white  light"  is  obtained  if  all  the  waves  from  the  red  to  the 
violet  come  together  to  the  eye  sinjultaneously ;  for  this  reason  a  piece  of 
platinum  at  a  temperature  of  1500°  C- appears  "white  hot.'' 

The  radiation  from  the  sources  named,  eitiier  the  sun,  the  electric  carbons, 
or  the  glowing  platinum,  includes  also  longer  waves  which  do  not  affect  the 
eye,  but  which,  like  the  light- waves,  produce  the  effect  of  sensible  heat  when 
received  upon  an  absorbing  surface,  as  one  of  lampblack.  There  are  also, 
particularly  in  the  radiation  from  the  sun,  waves  shorter  than  the  violet  which 
also  do  not  affect  the  eye.  The  former  are  called  ivfra-redy  the  latter  uUra^ 
violet  waves, 

295.  Complementary  Colors. — The  sensation  of  white  light  mentioned  above 
is  also  obtained  when  to  a  given  color — that  is,  light-waves  of  given  wave- 
length— is  combined  a  certain  other  so-called  complementary  color.  Thus 
certain  shades  of  pink  and  green  combined,  as  by  the  rapid  rotation  of  a  card 
on  which  the  colors  form  segments,  produce  the  effect  of  white.  Blue  and 
yellow  of  certain  shades  are  also  complementary.  For  every  shade  of  color  in 
the  spectrum  there  is  another  one  complementary  to  it  in  the  sense  here 
defined.  The  most  perfect  illustration  of  complementary  colors  is  given  by 
the  examination  of  sections  of  crystals  in  polarized  light,  as  later  explained. 

296.  Beflection. — When  light-waves  come  to  the  boundary  which  separates 
one  medium  from  another,  as  a  surface  of  water,  or  glass  in  air,  they  are,  in 
general,  in  part  reflected  or  returned  back  into  the  first  medium. 

The  reflection  of  light-waves  is  illustrated  by  Figs.  497  and  498.  In  Fig. 
497,  MM  is  the  reflecting  surface — here  a  plane  surface — and  the  light- waves 
have  a  plane  wave-front  (Abcde)\  in  other  words,  the  light-rays  (OA,  06, etc.) 
are  parallel.  It  is  obvious  that  the  wave-front  meets  the  surface  first  at  A  ana 
successively  from  point  to  point  to  E.  Each  of  these  points  is  to  be  regarded 
as  the  center  of  a  new  wave-system  which  unimpeded  would  be  propagated 
onward  in  a  given  time  distances  equal  to  the  lines  Aa'  IW ,  etc  Hence  the 
common  tangent /flr/tA:-&Uo  the  circular  arcs  drawn  with  these  radii  from  A,  B, 
etc.,  represents  the  direction  of  the  new  or  reflected  wave-front.  Bat 
geometrically  the  angle  eAE  is  equal  to  fBA,  or  the  incident  and  reflected 
wave-fronts  make  equal  anghs  with  the  reflecting  surface.  If  NA  is  a  normal 
at  A,  the  angle  OAN — called  the  angle  of  incidence — is  equal  to  NAF,  the 
angle  of  reflection.    Hence  the  faniiliur  law: 
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Tke  angle  of  incidence  i«  equal  to  the  angle  of  refiectton. 
FDrthermore,  the  "  incident  and  reflected  rays  "  both  lie  in  the  same  plan* 
with  the  normal  to  the  reflecting  surface. 


In  Fig.  496,  where  the  luminous  point  ia  at  0,  the  waves  going  oat  from  it 
will  meet  the  plane  mirror  MM  timt  at  tbe  point  A  and  successively  at  point^ 


as  B.  C,  D,  etc..  farther  away  to  the  right  (and  left)  of  A.  Here  sIbo  it  is  easy 
to  show  thut  all  tlie  new  impulses,  which  have  their  centers  at  A,  D,  C,  etc., 
mnat  together  give  rise  to  a  series  of  reflected  waves  whose  center  is  at  0' ,  at  a 
distance  equally  distant  from  MM  measured  on  a  normal  to  tlie  surfnce 
(OA  =  OA'). 

Now  the  lines  OA,  OB,  etc.,  which  are  perpendicular  to  the  wave-front, 
represent  certain  incident  light-rays,  and  the  eye  placed  in  the  direction  Bf^, 
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CF,  etc.,  will  see  the  luminous  poiDt  as  if  at  0\  It  follows  from  the  construc- 
tion of  the  figure  and  can  be  proved  by  experiment  that  if  BNy  CN,  eic^  are 
normals  to  the  mirror  the  angles  of  incidence,  OBN,  OCN\  etc.,  are  equal  to 
the  angles  of  reflection,  NBE,  N'BF,  etc.,  respectively.  Hence  the  above  law 
applies  to  this  case  also. 

If  the  reflecting  surface  is  not  plane,  but,  for  example,  a  concave  surface, 
as  that  of  a  spherical  or  parabolic  mirror,  there  is  a  change  in  the  curvature  of 
the  wave-front  after  reflection,  but  the  same  law  still  holds  true. 

The  proportion  of  the  reflected  to  the  incident  light  increases  wiih  the  smoothness  of 
the  surface  and  also  as  the  angle  of  incidence  diminishes.  The  intensity  of  the  reflected 
light  is  a  maximum  for  a  given  surface  in  the  case  of  ]>erpendiculnr  incidence  (0^,  Fig.  498). 

If  the  surface  is  not  perfectly  polished,  diffuse  reflection  will  take  place,  and  there  will 
be  no  distinct  reflected  ray.  It  is  the  diffusely  reflected  light  which  makes  the  reflecte<i 
surface  visible  ;  if  the  surface  of  a  mirror  were  absolutely  smoot/i  the  eye  would  see  the 
reflected  body  in  it  only,  not  the  surface  itself.  Optically  expressed,  the  surface  is  to  be 
considered  smooth  if  the  distance  between  the  scratches  upon  it  is  considerably  less  (say 
one- fourth)  than  the  wave-length  of  liglit. 

297.  Refraction. — When  a  system  of  light-waves  of  the  same  wave-length 
passes  from  one  medium  into  another  there  is,  in  general,  an  increase  or 

decrease  in  the  velocity  of  the  light, 
and  this  results  in  the  phenomenon 
of  refract io7i — that  is,  a  change  of 
direction  at  the  bounding  surface. 
The  principles  applicable  here  can 
be  most  easily  shown  in  the  case  of 
light'Waves  with  a  plane  wave-front, 
as  shown  in  Fig.  499 — that  is,  where 
the  liglit-rays  OA,  OB,  etc.,  are 
parallel.  Suppose,  for  example,  that 
a  light- wave,  part  of  whose  wave- 
front  is  Abcde,  passes  from  air 
obliquely  into  glass,  in  which  its 
velocity  is  about  two-thirds  as  great, 
and  suppose  the  surface  of  the  glass 
to  be  plane.  The  points  A,  B,  etc., 
will  be  successively  centers  of  dis- 
turbance which  will  be  propagated  in  a  given  time,  not  to  distances  equal  to 
eE  (from  A  in  the  line  OA),  to  pE,  etc.,  but  only  two-thirds  of  these  distances. 
Circles  drawn  from  the  points  A,  B,  6",  etc.,  with  radii  equal  to  these  diminished 
values  (two-thirds  of  eE,pE,  etc.),  will  have  a  common  tani::ent  in  the  plane 
fghkE,  and  this  will  be  then  the  new  wave-front  in  the  second  medium.  Here 
it  is  seen  that  there  is  a  change  of  direction  in  the  wave-front,  or  otherwise 
stated,  in  the  light-ray,  the  magnitude  of  which  depends  on  the  ratio  between 
the  light-velocities  in  the  two  media,  and,  as  discussed  later,  also  upon  the 
wave-length  of  the  light.  The  light-ray  is  here  said  to  be  broken  or  refracted^ 
and  for  a  medium  like  glass,  optically  denser  than  air  {i.e.,  with  a  lower  value 
of  the  light-velocity),  the  refraction  is  toward  the  perpendicular.  In  the 
of)posite  case — in  an  optically  rarer  medium — the  refraction  is  away  from  the 
perpendicular,  the  angle  of  refraction  is  larger  than  that  of  incidence 
(Art.  303). 

298.  Refractive  Index. — It  is  obvious  from  the  figure  that  whatever  the 
direction  of  the  wave-front — that  is,  of  the  light-rays — relatively  to  the  given 
surface,  the  ratio  of  eE  to  Af,  which  determines  the  direction  of  the  new 
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wave-front  (i.e.,  the  direction  of  a  refracted  ray,  AF)  is  constant.    This  ratio 

V 
is  equal  to  —  where  Fis  the  value  of  the  light-velocity  for  the  first  medium 

(here  air)  and  v  for  the  second  (as  glass).    If  this  constant  ratio  be  represented 
by  n,  we  may  write: 

_  V_eE_  AE  Sin  eAE  _  sin  eAE  _  sin  PAN 
^^  V  ^  Af  AE.  Sin  AEf'"  sin  AEf  sin  FAN' 

Here  i  {OAN)  is  the  angle  of  incidence  and  r  {FAN)  the  angle  of  refraction  ; 
thus,  in  its  last  form, 

sin  % 
n  =  -; — , 
sin  r 

we  have  the  familiar  relation  usually  expressed  as  follows: 

The  sine  of  the  angle  of  incideyice  bears  a  constant  ratio  to  the  sine  of  the 
angle  of  refraction. 

It  is  also  true  that  the  incident  and  refracted  rays  lie  in  a  common  plane 
with  the  normal  to  the  surface. 

The  above  relation  holds  true  for  any  wave  system  of  given  wave-length  in 
passing  from  one  medium  into  another,  whatever  the  wave-front  or  shape  of 


the  bounding  surface.  In  Fig.  500  *  the 
luminous  point  is  at  0,  and  it  can  be 
readily  shown  that  the  new  wave- front 
propagated  in  the  second  medium  (of 
greater  optical  density)  has  a  flattened 
curvature  and  corresponding  to  this  a 

center  at  0' (where  vt^  =  — ).     Here 

\  OA        V  J 

the  incident  rays  0/y,  0(7,  are  re- 
fracted at  B  and  C,  the  corresponding 
refracted  rays  being  BE  and  BF.  For 
this  case  also  the  relation  holds  good. 


600. 


n  = 


sin  t 
sin  r 


sm  t 
sin  r 


:f 


n 


etc. 


This  constant  ratio  for  light  of  a  given 

wave-length  passing  from  one  medium 

to  another,  expressed  here  by  w,  is  called 

the  index  of  refraction  or  refractive  index.     In  the  examples  given  for  air  and 

sin  X 
crown  glass,  -. —  =  1*608,. and  this  number  consequently  gives  the  value  of 

the  refractive  index,  or  n,  for  this  kind  of  glass. 

The  relation  between  wave-length  and  refractive  index  is  spoken  of  in 
Art.  306. 

If  the  bounding  surface  is  not  plane  but  curved,  as  in  lenses,  there  is  a 
change  in  the  curvature  of  the  wave-front  in  the  second  medium,  but  the 

simple  law,  n  =    . — ,  holds  true  here  also,  so  long  as  the  medium  is  isotropic. 
*  sin  r  °  ' 


*  See  8.  P.  Thompson  (Lipht  Visible  nn^l  Invisible.  1^97^.  who  develops  the  formulas 
for  leases,  etc.,  on  the  basis  of  lij^ht- waves  instead  of  ligiil-rays. 


168 


PHYSICAL   MINEHALOOY. 


299.  Belation  of  Befraotive  Index  to  Light-velooity.— The  dUcassiou  of  the 
preceding  article  sliows  that  if  ii  is  the  refractive  index  of  a  given  substance 
for  waves  of  a  certain  length,  referred  to  air,  V  the  velocity  in  air  and  v  the 
velocity  in  the  given  medium,  then 


V 
n  =  — . 

V 


For  two  media  whose  indices  are  n^  and  n,  respectively,  it  consequently  follows 
that 


V, 


Therefore,  The  indices  of  refraction  of  two  given  media  for  a  certain  wav^ 
length  are  iuverselg  proportional  to  their  relative  light-velocities. 

Since  light-waves  are  propagated  by  a  transverse  motion  in  the  ether  which 
pervades  the  given  bod j,  and  is  as  it  were  weighted  down  by  its  molecules,  it  is 
obvious  that  the  velocity  of  the  li£;ht-wave  itself  is  measured  by  the  rate  of 
this  transverse  motion  in  the  ether;  hence  for  waves  of  the  same  length  traveling 
through  media  of  different  refractive  power,  this  latter  velocity  of  transverse 
vibration  is  inversely  proportional  to  the  refractive  indices. 

300.  Principal  Eexractive  Indices. — The  refractive  index  has,  as  stated^  a 
constant  value  for  every  substance  referred,  as  is  usual,  to  air  (or  it  may  be  to 
a  vacuum).  In  regard  to  solid  media,  it  is  evident  from  Art.  298  and  will 
be  further  explained  later  that  those  which  are  isotropic^  viz.,  amorphous'  sub- 
stances and  crystals  of  the  isometric  system,  can  have  but  a  sinde  value  of  this 
index.  Crystals  of  the  tetragonal  and  hexagonal  (and  rhomboliedral)  systems 
have,  as  later  explained,  two  principal  refractive  indices,  e  and  a?,  corresponding 
to  the  velocities  of  light-propagation  in  certain  definite  directions  in  them. 
Further,  all  orthorhombic,  monoclinic,  and  triclinic  crystals  have  similarly 
three  principal  indices,  a,  y5,  y.  In  the  latter  cases  of  so-called  anisotropic 
media,  the  mean  refractive  index  is  taken,  namely,  as  the  arithmetical  mean 
e  +  2.00       ,  a+  6  +  y 

3  ^  3         ' 

301.  Examples  of  Befraotive  Indices. — The  following  table  includes  the 
values  of  n  for  a  variety  of  substances,  for  sodium  light.  For  minerals  other 
than  those  of  the  isometric  system  the  average  value  (as  defined  in  the 
preceding  article)  is  given  here. 


Ice 

Water 

Flnorite. . . . 

Ahim 

Rock-salt . . . , 

Quartz 

Calcite 

Crown  glass. 
Aragonite. .. 
Barite 


1-310 
1-335 
1-434 
1-456 
1-544 
1-547 
1-601 
,1  -  608 
1-633 
1-640 


Boracite 

1-667 

FlintGlaas 

1-702 

Garnet  (Pyrope) . 

1-814 

Zircon 

1-952 

Cerussite 

1-986 

Sphalerite 

2-369 

Diamond 

2-419 

Rutile 

2-712 

Pyrargyrite  . . . . 

3-016 

The  refractive  index  for  air  referred  to  the  ether  of  a  vacuum  is  1-000292 
for  a  wave-length  equal  to  that  of  yellow  sodium  light  (A.  =  0-0000589  cm.). 
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SOS.  Specific  BefrMtiTo  Powtr.— llie  relation  between  the  refractive  Index  and  Ibe 
cbeujical  composiiiou  of  a  given  substance  is  expressed  by  wbat  bas  been  called  tbe  Glad- 
atone  law,*  namely, 


n-  1 


=  coustant. 


Here  n  is  refractive  index  (for  anisotropic  substances,  tbe  mean  index),  and  d  is  tbe 
density.  Tbe  value  of  tbe  constant  is  called  tbe  tpeeific  refracUte  power,  Tbe  product  of 
tbe  specific  refractive  power  into  tlie  molecular  weigbt  gives  tbe  rrfraeiite  equivalent.  '1  bus 
for  quartz,  n  =  1*5,  d  =  2*66,  tberefore  tbe  value  of  tbe  specific  refractive  power  is  0*2, 
and  tue  refractive  equivalent  is  equal  to  this  number  niuliiplied  into  tbe  molecular  weight 
(60)  or  12  6(  =  0-2  X  60).    Similarly  tbe  value  obtained  f  for  CaO  is  18*8,  and  for  MgO  ifl. 

In  tbe  case  of  a  complex  molecule,  it  is  assumed  tbat  tbe  sum  of  tbe  refractive  equiva- 
lents of  tbe  ))arts  of  tbe  molecule  divided  hy  tbe  sum  of  tbe  corresponding  molecular  weights 
is  equal  to  tbe  8i)ecitic  refractive  power  of  tbe  giveu  compound.  Thus  for  grossular  gurnet 
whose  formula  may  be  written  8CaO.AlsOs.8SiOs,  tbe  above  relations  give 


8  X  13-8  4- 19-7 -f  3  X  126 


8X56+ 108 -hSxeO 


=  0-216. 


Further, 


n  —  1 _  n  —  1 
d     ""¥5" 


=  0*216,  and  n  =  1-756 ;  experiment  gives  »  =  1-747. 


303.  Total  Befleotion.    Critical  Angle. — In  regard  to  the  principle  stated 


8in  % 
in  Art.  298  and  expressed  by  the  eqnation  n  =  -; —  ,  two  points  are  to  be 

noted.  First,  if  the  angle  %  =  0%  then  sin  %  =  0,  and  obviously  also  r  =  0;  in 
other  words,  when  the  ray  of  light  (as  OA,  Fig.  500)  coincides  with  the  per- 
pendicular, no  change  of  direction  takes  place,  the  ray  proceeds  onward  (AD) 
into  the  second  medium  without  deviation,  but  with  a  change  o^  velocity. 

Again,  if  the  angle  t  =  90°,  then 
sin  %  =  1,  and  the  equation  above  ^^l- 

11  ^ 

becomes  n  =  -: —  or  sin  r  =  -.   As 

sin  r  n 

n  has  a  fixed  value  for  every  sub- 
stance, it  is  obvious  that  there  will 
also  be  a  corresponding  value  of  the 
angle  r  for  tne  case  mentioned. 
From  the  above  table  it  is  seen  that 

for  water,  sin  r  =  and  r  =  48° 


31';  for  crown  glass,  sin  r  =      ^  g 

and  r  =  38**  27';  for  diamond,  sin  r 

=  ^-  and  r  =  24°  25'. 
2*42 

In  Fig.  501  the  ray  CA  in  the  gloss  is  refracted  on  passing  into  the  air  in 

the  direction  AD,  but  if  the  angle  BAO  =  38°  27',  the  ray  FA  will  graze  the 

surface  or  take  the  direction  AF.    Any  ray,  GA,  for  which  the  angle  GAO  is 

greater  than  38°  27'  will  not  emerge  at  all,  but  suffer  total  reflection,  being 

returned  in  the  direction  AG\    Tbe  surface  of  glass  illuminated  from  beneath 

in  the  direction  last  named  has  a  brilliant,  almost  metallic  luster.    This  is  the 


♦  See  Milliard.  Tr.  Crist.,  2.  476  et  »eq.  1884  :  Rosenbuscli,  Mikr.  Phys.,  1.  157   1892. 
\  A  table  of  tliese  values  is  given  by  Mallard  and  reproduced  by  Rosenbiiscb. 
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appiBarance  also,  under  like  conditions,  of  the  surface  of  a  transparent  solid— 
for  example,  of  a  glass  prism  or  a  cut  gem.  The  value  of  r  thus  found  is  c-alled 
the  critical  angle ;  the  smaller  this  angle  the  greater  the  apparent  brilliancy 
of  the  given  substance. 

The  relative  refractive  power  of  a  given  substance  compared  with  that  of 
the  enclosing  medium  {e.g,y  Canada  balsam  with  Uy  •=--.  1*539)  determines  on 
the  principle  of  total  reflection  whether  the  surface  appears  rough  with  dark 
cracks  ("nigh  relief)  as  in  garnet  and  zircon,  or  smooth  and  even  ("low 
relief'*)  as  in  quartz. 

304.  Determination  of  the  EefractiYe  Index. — By  means  of  a  prism,  as 
MNP  in  Fig.  502,  it  is  possible  to  determine  the  value  of  n,  or  refractive 

index  of  a  given  substance.  The  angle  of  the 
prism  MNPy  «,  is,  in  each  case,  measured  in 
the  same  manner  as  the  angle  between  two  faces 
of  a  crystal,  and  then  the  minimum  amount  of 
deviation  (d)  of  a  monochromatic  ray  of  light, 
eg,,  yellow  sodium  light,  passing  from  a  slit 
through  the  prism  is  also  determined.  The 
amount  of  deviation  of  a  ray  in  passing  through 
M  ^p  the  prism  varies  with  its  position;  but  when  the 

prism  ifi  so  placed  that  the  ray  makes  equal  angles  with  the  sides  of  the  prism, 

that  is,  with  the  normals  (t  =  i',  Fig.  502),  when  entering  and  emerging,  this 

deviation  has  21,  fixed  minimum  value. 

If  d  =  the  minimum  deviation  of  the  ray,  and  a  =  the  angle  of  the  prism, 

then 

sin  \{a  -[-  6) 

n  = =-— 1 -, 

sm  ia 

The  application  of  this  method  is  given  in  a  later  article.  Several  other 
methods  are  also  explained — for  example,  one  depending  upon  total  reflection. 

305.  Dispersion. — Thus  far  the  change  in  direction  which  light  suffers  in 
reflection  and  refraction  has  alone  been  considered.  It  is  further  true  that 
the  amount  of  refraction  differs  for  the  waves  of  different  length,  that  is, 
the  different  colors  of  which  ordinary  white  light  is  composed,  being  greater 
for  blue  than  for  red.  In  consequence  of  this  fact,  if  ordinary  light  be  passed 
through  a  prism,  as  in  Fig.  502,  it  will  not  only  be  refracted,  but  it  will  also 
suffer  dispersion  or  be  separated  into  its  component  colors,  thus  forming  the 
prismatic  spectru m . 

This  variation  for  the  different  colors  depends  directly  upon  their  wave- 
lengths; the  red  waves  are  longer,  their  transverse  vibrations  are  slower,  and 
it  may  be  shown  to  follow  from  this  that  they  suffer  less  change  of  velocity 
on  entering  the  new  medium  than  the  violet  waves,  which  are  shorter  and 
Avhose  velocity  of  transverse  vibration  is  greater.  Hence  the  refractive  index 
for  a  given  substance  is  greater  for  blue  than  for  rod  light.  The  following 
are  values  of  the  refractive  indices  for  diamond  determined  by  Schrauf : 

2-40845  red  (lithium  flame). 

2*41723  yellow  (sodium  flame). 

2*42549  green  (thallium  flame). 

306.  Spectroscope. — The  instrument  most  simply  used  for  the  analysis  of 
the  light  by  dispersion  is  familiar  to  all  as  the  spectroscope,*     In  it  the  light 

*  A.  (Ic  Gmniont  bns  shown  that  the  direct  spectroscopic  cxamiDation  of  many  mineral 
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from  the  given  source,  received  through  a  narrow  slit  in  the  end  of  one  tube, 
is  made  to  fall  as  a  plane-wave  (that  is,  as  a  '*  pencil  of  parallel  rays  ')  upon  one 
surface  of  a  prism  at  the  center,  and  the  spectrum  produced  is  viewed  through 
a  suitable  telescope  at  the  end  of  a  second  tube. 

If  the  light  from  an  incandescent  solid — which  is  "  white  hot "  (Art.  294) — 
is  viewed  through  the  spectroscope,  the  complete  band  of  colors  of  the 
spectrum  is  seen  from  the  red  through  the  orange,  yellow,  green,  blue,  to  the 
violet.  If,  however,  the  light  from  an  incandescent  vapor  is  examined,  it  is 
found  to  give  a  spectrum  consisting  of  bright  lines  (or  bands)  only,  and  these 
in  a  definite  position  characteristic  of  it — Jis  the  yellow  line  (double  line)  of 
sodium  vapor;  the  more  complex  series  of  lines  and  bands,  red,  yellow,  and 
green,  characteristic  of  barium;  the  multitude  of  bright  lines  due  to  iron 
vapor  (in  the  intensely  hot  electric  arc),  and  so  on. 

307.  Absorption. -—Of  the  light  incident  upon  the  surface  of  a  new  medium, 
not  only  is  part  reflected  (Art.  296)  and  part  transmitted  and  refracted 
(Art.  297),  but,  in  general,  part  is  also  absorbed  at  the  surface  and  part  also 
during  the  transmission.  Physically  expressed,  absorption  in  this  case  means 
the  transformation  of  the  ether- waves  into  sensible  heat,  that  is,  into  the 
motion  of  the  molecules  of  the  body  itself. 

The  color  of  a  body  gives  an  evidence  of  this  absorption.  Thus  a  sheet  of 
red  glass  appears  red  to  the  eye  by  transmitted  light,  because  in  the  trans- 
mission of  the  light- waves  through  it,  it  absorbs  all  except  those  which 
together  produce  the  effect  of  rod.  For  the  same  reason  a  i)iece  of  jasper 
appears  red  by  reflected  light,  because  it  absorbs  part  of  the  light- waves  at  the 
surface,  or,  in  other  words,  it  reflects  only  those  which  together  give  the 
effect  of  this  particular  shade  of  red. 

Absorption  in  general  is  selective  absorption;  that  is,  a  given  body  absorbs 
particular  parts  of  the  total  radiation,  or,  more  definitely,  waves  of  a  definite 
wave  length  only.  Thus,  if  transparent  pieces  of  glass  of  different  colors  are 
held  in  succession  in  the  path  of  the  white  light  which  is  passing  into  the 
spectroscope,  the  spectrum  viewed  will  be  that  due  to  the  selective  absorption 
of  the  substance  in  question.  A  layer  of  blood  absorbs  certain  parts  of  the 
light  so  that  its  spectrum  consists  of  a  series  of  absorption  bands.  Certain 
rare  substances,  as  the  salts  of  didymium,  etc.,  have  the  property  of  selective 
absorption  in  a  high  degree.  In  consequence  of  this,  a  section  of  a  mineral 
containing  them  often  gives  a  characteristic  absorption  spectrum. 

1'he  dark  lines  of  the  solar  spectrum,  of  which  the  so-called  Fraunhofer 
lines  are  the  most  prominent,  are  due  to  the  selective  absorption  exerted  by 
the  solar  atmosphere  upon  the  waves  emitted  by  the  much  hotter  incandescent 
mass  of  the  sun. 

308.  Diffraction. — When  monochromatic  light  is  made  to  pass  through  a 
narrow  slit,  or  by  the  sharp  edge  of  an  opaque  body,  it  suffers  diffraction,  and 
there  arise,  as  may  be  observed  upon  an  appropriately  placed  screen,  a  series 
of  dark  and  light  bands,  growing  fainter  on  the  outer  limits.  Their  presence 
is  explained  (see  Arts.  312,  313)  as  due  to  the  interference,  or  mutual 
reaction,  of  the  adjoining  systems  of  waves  of  light,  that  is,  the  initial  light- 
waves, and  further,  those  which  have  their  origin  at  the  edge  or  sides  of  the 
slit  in  question.  It  is  essential  that  the  opening  in  the  slit  should  be  small  as 
compared  with  the  wave-length  of  the  light.     If  ordinary  light  is  employed. 


species  fcr»»l«Mm.   pyrite)  servo8  ns  n  method  of  qualitative  analysis  and  gives  interestiag 
results.     Bull   Soc.  Min..  18, 171-373.  1895. 
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the  phenoineDa  are  the  same,  and  for  the  same  causes,  except  that  the  bauds 
are  successive  colored  spectra. 

Diffraction  spectra,  explained  on  tbe  principles  alluded  to,  are  obtained  from  diffraction 
gratingH.  These  gratings  consist  of  a  series  uf  extremely  tine  parallel  lines  (say  15.00(1  or 
§0,000  to  au  inch)  ruled  witb  great  regularity  upon  glass,  or  U|  on  a  polisbid  surfiice  uf 
speculum  luetiil.  Tbe  glass  grating  is  used  witb  traubmiited,  and  tbe  speculum  grilling 
witb  reflected,  ligbt;  tbe  Rowland  grating  of  tbe  latter  kind  lias  a  concave  surtace.  £:  cu 
grating  gives  a  number  of  spectra,  of  tbe  first,  second,  tbiid  order,  etc.  Tbese  ppeciia 
Save  tbe  advantage,  as  compared  witb  tbouc  given  by  prisms,  tbat  tbe  dispersion  of  tbe 
different  c«>1ors  is  strictly  pro|)ortional  to  tbe  wave-Ieugtb. 

309.  Double  Befraotion.— In  the  discussion  of  Art.  297^  applying  to 
isotropic  media,  it  was  shown  that  light-waves  passing  from  one  meaium  into 
another,  which  is  also  isotropic,  suffer  simply  a  change  in  wave-front  in  con- 
sequence of  their  change  in  velocity.  In  anisotropic  media,  however,  which 
include  all  crystals  but  those  of  tlie  isometric  system,  there  arc,  in  general, 
two  wave-systems  propagated  with  different  velocities  and  only  in  certain 
limited  cases  is  it  true  that  the  light-ray  is  normal  to  the  wave-front.  This 
subject  cannot  be  adequately  explainea  until  the  optical  properties  of  these 
media  are  fully  discussed,  but  it  must  be  alluded  to  here  since  it  serves  to 
explain  the  familiar  fact  that,  while  with  glass,  for  example,  there  is  only  one 
refracted  ray,  many  other  substances  give  two  refracted  rays,  or,  in  other 
words,  show  double  refraction. 

The  most  familiar  example  of  this  property  is  furnished  by  the  mineral 

calcite,  also  called  on  account  of  this  property   "doubly-refracting  spar." 

If  mnop  (Fig.  503)  be  a  cleavage  piece  of  calcite,  and  a  ray  of  light  meets  it 

fi03  *^  ^'  ^^  ^^^^'  ^^  passing  through,  be  divided  into  two  rays, 

hcy  hcL     For  this  reason,  a  dark  spot  or  a  line  seen  through 

a  piece  of  calcite  ordinarily  appears  double.     As  implied 

above  and  also  in  Art.  800  the  same  property  is  enjoyed  by 

all   crystallized    minerals,   except   those  of  the  isometric 

system.     The  wide  separation  of  the  two  refracted  rays  by 

calcite,  which  makes  the  phenomenon  so  striking,  is  a  con* 

sequence  of  the  largo  difference  in  the  values  of  its  indices 

of  refraction,  in  other  words,  as  technically  expressed,  it  is 

due  to  the  strength  of  its  double  refraction,  or  its  birefringence, 

310.  When  the  incident  light  is  perpendicular  to  the  surface  of  the  doubly- 
refracting  substance,  there  is,  in  the  more  commonly  occurring  cases,  no 
change  of  direction  in  the  transmission;  but  even  then  it  is  usually  still  true 
that  the  incident  ray  is  divided  into  two  rays,  which,  though  they  may  travel 
in  the  same  path,  yet  have  different  velocities,  so  that  one  falls  behind  the 
other.  Further,  as  later  explained,  each  is  in  general  plane-polarized.  For 
each  of  these  rays,  it  is  true  that  for  waves  of  the  same  length  the  rate  of 
transverse  vibration,  and  hence  the  velocity  of  the  ray  itself,  is  inversely 
proportional  to  the  respective  refractive  index. 

311.  Interference  of  Waves  in  General. — The  subject  of  the  interference 
of  lisrht-waves,  alluded  to  in  Art.  308,  requires  detailed  discussion.  It  is 
one  of  great  importance,  since  it  serves  to  explain  many  common  and  beautiful 
phenomena  in  the  optical  study  of  crystals,  for  example,  the  axial  interference 
figures  shown  on  the  plate  forming  the  frontispiece. 

Referring  again  to  the  water-waves  spoken  of  in  Art.  287,  it  is  easily 
understood  that  when  two  wave-systems,  going  out,  for  example,  from  two 
centers  of  disturbance  near  one  another,  come  together,  if  at  a  given  point 
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they  meet  in  the  same  phase  (as  crest  to  crest),  the  result  is  to  give  the  particle 
in  question  double  amplitude  of  motion.  On  the  other  hand,  if  at  any  point 
the  two  wave-systems  come  together  in  opposite  phases,  that  is,  half  a  wave- 
length apart,  the  crest  of  one  corresponding  to  the  trough  of  the  other,  tiiey 
interfere  and  the  amplitude  of  motion  is  zero.  Under  certain  conditions, 
therefore,  two  sets  of  waves  may  unite  to  form  waves  of  double  amplitude;  on 
the  other  hand,  they  may  mutually  interfere  and  destroy  each  other. 
Obviously  an  indefinite  number  of  intermediate  cases  lie  between  these 
extremes.  What  is  true  of  the  waves  mentioned  is  true  also  of  sound-waves 
,  and  of  wave  motion  in  general.  A  very  simple  case  of  interference  was  spoken 
of  in  connection  with  the  discussion  of  the  waves  carried  by  a  long  rope 
(Art.  289). 

312.  Interference  of  Light-waves. — Interference  phenomena  can  be  most 
satisfactorily  studied  in  the  case  of  light-waves.  The  extreme  cases  are  as 
follows:  If  two  waves  of  like  length  and  intensity,  and  propagated  in  the  same 
direction,  meet  in  the  same  phase,  they  unite  to  form  a  wave  of  double  intensity 
(double  amplitude).  If,  however,  the  waves  differ  in  phase  by  half  a  wave- 
length, or  an  odd  multiple  of  this,  they  interfere  and  extinguish  each  other. 
For  other  relations  of  phase  they  are  also  said  to  interfere,  forming  a  new 
resultant  wave,  differing  in  amplitude  from  each  of  the  component  waves. 
In  these  cases  monochromatic  lignt-waves  were  assumed  (that  is,  those  of  like 
length).  If  ordinary  white  light  is  used,  the  waves  in  the  case  of  interference 
will  overlap,  and  their  interference  will  be  indicated  by  the  appearance  of  the 
colors  of  the  spectrum. 

313.  Illnstrations  of  Interferencs. — A  simple  illustration  is  afforded  by  the 
bright  colors  of  very  thin  films  or  plates,  as  a  film  of  oil  on  water,  a  soap- 
bubble,  and  like  cases.  To  understand  these,  it  is  only  necessary  to  remember 
that  the  incident  light  waves  are  reflected   in  5q^ 

part  from  the  upper  and  in  part  from  the  lower 
surface  of  the  nlm  or  plate.  Hence  if  the 
thickness  is  very  small,  these  two  reflected 
wave-systems,  when  they  come  together  (repre- 
sented in  Fig.  504  by  the  two  rays  AC^  BD) 
will  differ  from  one  another  in  phase,  and  inter- 
fering give  rise  (in  ordinary  light)  to  the  colored 
phenomena  spoken  of.  It  is  to  be  noted  that 
the  phenomena  of  interference  by  reflection  are 
somewhat  complicated  by  the  fact  that  there  is 
a  reversal  of  phase  (that  is,  a  loss  of  half  a 
wave-length)  at  the  surface  which  separates  the 
medium  of  greater  optical  density  from  the  rarer  one.  Hence  the  actual 
relation  in  phase  of  the  two  reflected  rays,  as  AC,  BD  (supposing  them  of 
the  same  wave-length)  is  that  determined  by  the  retardation  due  to  the 
peater  length  of  path  traversed  by  Bd,  together  with  the  loss  of  a  half  wave- 
length due  to  the  reversal  of  phase  spoken  of.  As  shown  in  the  figure,  there 
are  also  two  transmitted  waves  which  also  interfere  in  like  manner. 

A  plano-convex  lens  of  long  curvature,  resting  on  a  plane  glass  surface 
(Fig.  505),  and  hence  separated  from  it,  except  at  the  center,  by  a  film  of  air 
of  varying  thickness,  gives  by  reflected  monochromatic  light  a  dark  center  and 
about  this  a  series  of  light  and  dark  rings,  called  Newton's  ringn.  The  dark 
center  is  due  to  the  interference  of  the  incident  and  reflected  waves,  the 
latter  half  a  wave-length  behind  the  former.     The  light  rings  correspond 
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to  the  distances  where   the   two  sets  of  reflected   waves  meet  in  the  same 

506.  phasBy  that  is  (uobing  the  explanation 

above)  where  the  retardation  of  those 
-— — —^     having  the  longer  path  is  a  half  wave- 

"      '  \    length  or  an  odd  multiple  of  this  (^A, 

|A,  f  A,  etc.).  Similarly  the  dark  rings 
fall  between  these  and  correspond  to  the  points  where  the  two  waves  meet 
in  opposite  phase,  the  retardation  being  a  wave-length  or  an  even  multiple 
of  this.  The  rings  are  closer  together  with  blue  than  with  red  because  of 
their  smaller  wave-length.  In  each  of  the  cases  described  the  ring  is  properly 
the  intersection  on  the  plane  surface  of  the  cone  of  rays  of  like  retardation. 

In  ordinary  white  light  there  can  be  no  dark  rings  because  of  the  difference 
of  length  of  the  component  waves;  on  the  contrary,  the  overlapping  of  these 
waves  produces  a  series  of  colored  rings,  each  showing  the  successive  colors  of 
the  spectrum.  The  series  of  colors  are  distinguished  as  of  the  first,  second, 
third,  etc.,  order;  for  a  given  color,  as  red,  may  be  repeated  a  number  of  times 
as  the  waves  overlap.  After  a  certain  number  of  waves  have  overlapped  in 
this  way,  white  light  ("  of  a  higher  grade'')  results. 

Similarly  in  the  case  of  the  thin  plate  in  white  light,  a  certain  thick- 
ness and  consequent  retardation  produces  a  superposition  of  the  waves 
which  yields,  for  example,  a  shade  of  red;  a  greater  thickness  (and  retarda- 
tion) a  red  of  the  second  order,  etc.  If  the  plate  is  not  very  thin,  simple 
white  is  reflected  from  it. 

Another  most  satisfactory  illustmtion  of  the  iuterference  of  light-waves  is  given  by 
means  of  the  diffrnctlon  gratings  spoken  of  in  Art.  808.  but  the  subject  cannot  be  fuilher 
discussed  in  this  place. 

Other  cases  of  tlie  composition  of  two  systems  of  light-waves  will  be  con- 
sidered after  some  remarks  on  polarized  light. 

314.  Polarization  and  Polarized  Light. — Ordinary  light  is  propagated  by 
transverse  vibrations  of  the  ether  which  take  place  alike  in  all  planes  about 
the  line  of  propagation.  A  ray  of  ordinary  light  is,  therefore,  alike  or  sym- 
metrical in  all  directions  about  this  line;  it  may  be  most  simply  thought  of  as 
being  propagated  by  two  eqnal  sets  of  transverse  vibrations  taken  in  any  two 
planes  at  right  angles  to  each  other. 

Plane-polarized  light,  on  the  other  hand,  as  stated  briefly  in  Art.  291,  is 
propagated  by  ether-vibrations  which  take  place  in  one  plane  only.  The 
change  by  which  ordinary  light  is  changed  into  a  polarized  light  is  called 
polarization^  and  the  plane  at  right  angles  to  the  plane  of  transverse  vibration 
is  called  the  plane  of  polarization,'^ 

Polarization  may  be  accomplished  (1)  by  reflection  and  by  single  refraction, 
and  (2)  by  double  refraction. 

315.  Polarization  by  Beflection  and  Single  Befraction. — In  general,  light 
which  has  suffered  reflection  from  a  surface  like  that  of  polished  glass  is  more 
or  less  completely  polarized;  that  is,  the  reflected  waves  are  propagated  by 
vibrations  to  a  large  extent  limited  to  a  single  plane,  viz ,  (a.s  jvssumed)  the 
plane  normal  to  the  plane  of  incidence,  which  last  is  hence  the  plane  of 
polarization.  Furthermore,  in  this  case,  the  light  transmitted  an<l  refracted 
by  the  reflecting  medium  is  also  in  like  manner  partially  polarized  ;  that  is,  the 


*This  is  in  accordance  with  the  nssiimptfon  of  Fresnel;  witli  MacCulhieli  ihc  vibration- 
plane  and  plane  of  polarizition  coincide.  All  ambiguity  is  avoided  by  speaking  uniformly 
of  the  vibration-plane  of  the  light. 
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vibrations  are  more  or  less  limited  to  a  single  plane,  in  this  case  a  plane  at 
right  angles  to  the  former  and 
hence  coinciding  with  the  plane 
of  incidence.  For  a  given  angle 
of  incidence,  varying  for  each 
substance,  but  such  that  the  re- 
flected and  refracted  rays  (AB 
and  A  C,  Fig  506)  make  an  angle 
of  90°  with  each  other,  this  po- 
larization is  a  maximum.  For 
this  case  it  is  hence  true,  if  we 
represent  this  angle  of  polariza- 
tion by  /,  that 

tan  /  =  n. 

This  law,  established  by  Brewster,  may  be  stated  as  follows  : 

The  angle  of  polarization  is  that  angle  whose  tangent  is  the  index  of  refrac- 
Hon  of  the  reflecting  substance.  For  crown  glass  this  angle  is  about  58*  (see 
Fig.  506).  If  light  suffers  repeated  reflections  from  a  series  of  thin  ghiss  plates, 
the  polarization  is  more  complete,  though  its  intensity  is  weakened.  Metallic 
surfaces  polarize  the  light  very  slightly. 

If  the  polarized  light- waves  fall  upon  a  second  similar  reflecting  surface  at 

the  same  angle,  they  will  be  reflected  again  unchanged,  on  the  condition  that 

-Q_  the  two  planes  of  incidence  (and   hence  the  two 

^'  planes  of  polarization)  of  the  two  mirrors  coincide. 

yy      -^-A         If,  however,  these  planes  are  at  right  angles  to  each 

y^p"""^  other,  the  light  polarized  by  the  first  mirror  will  be 

/^p'\^  extinguished  by  the  second.     As  the  polarization  is 

Wx      ^«  in  no  position  absolutely  complete,  the  light  is  not 

completely  arrested,  but  only  reduced  to  a  mini- 
mum in  the  second  position. 

This  case  is  illustrated  by  Fig.  507.  Here  the 
incident  ray  ^^  is  reflected  by  the  first  mirror  mn 
in  the  direction  ^Cand  polarized  in  a  plane  normal 
to  the  plane  of  incidence  the  angle  ABH  being 
equal  to  the  angle  of  polarization.  If  now  the 
second  mirror  ocmpy  either  of  the  positions  o;>  or 
o'p\  the  planes  of  incidence  (and  of  polarization)  of 
both  mirrors  coincide  and  the  light-ray,  BCy  is, 
therefore,  reflected  a  second  time  in  the  direction  of  oD,  or  oD',  If,  however, 
the  second  mirror  be  revolved  about  a  vertical  axis  the  reflected  light  becomes 
gradually  weaker  and  is  sensibly  extinguished  when  the  two  planes  of  inci- 
dence are  at  right  angles  to  each  other. 

316.  Polarization  by  Double  Refraction. — When  light  in  passing  through  a 
crystalline  medium  is  doubly  refracted  (Art.  309)  or  divided  into  two  sets  of 
waves,  it  is  always  true  that  both  are  completely  polarized  and  in  planes  at 
right  angles  to  each  other.  This  subject  can  only  he  satisfactorily  explained 
after  a  full  discussion  of  the  properties  of  anisotropic  crystalline  media,  but  it 
may  be  alluded  to  here  since  this  principle  gives  the  most  satisfactory  method 
of  obtaining  polarized  light.  For  this  end  it  is  necessary  that  one  of  the  two 
wave-systems  should  be  extinguished,  so  that  that  due  to  a  single  set  of  vibra- 
tions only  is  transmitted.  This  is  accomplished  by  natural  absorption  in  the 
ease  of  tourmaline  plates  and  by  artificial  means  in  the  nicol  prisms  of  calcite. 
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317.  Polarized  Light  by  Absorption.— If  from  a  crystal  of  tonrmaline,  which 
JB  BuiCably  trunspareiit,  two  sectioDS  be  obtained,  each  cut  parallel  to  the 
vertical  axis,  it  will  be  found  that  tliese,  when  placed  together  with  the  direc- 
tion of  their  iixes  coinciding,  allow  tlie  light  to  pass  tlirough.  If,  however, 
one  section  is  revolved  upon  the  otlier,  less  and  less  of  tlie  light  is  trausmitted, 
Dntil,  wlien  their  azes  are  at  right  angles  (90°)  to  each  utlier,  the  liglit  is 
(almost  perfectly)  extinguished.  As  the  revolution  is  coutinueJ,  more  and  more 
light  is  obtained  through  the  sections,  and  after  a  revolution  of  I8U",  the  axes 
being  again  parallel,  the  appetirance  is  as  at  first.  A  further  rovolntioit  (270°) 
brings  the  axe^  again  at  right  angles  to  each  other,  when  the  light  is  a  seuoua 
time  extingnishea,  and  so  on  around. 

The  explaniition  of  this  plienomenon,  so  far  as  it  can  be  given  here,  is 

analogous  to  that  employed  for  the  case  of  polarization  by  reflection.     Each 

gQQ  gQg  plate  doubly  refracts  the  light ;  but  one  of  the 

two  sets  of  waves  is  absorbed,  and  only  that  set 

vibrations  are  parallel  to  tlie  vertical  axis 

,   are  transmitted.  If  now  the  two  plates  are  placed 

'    In  the  same  position,  abdc,  and  e/hg  (Fig.  508), 

the  light  passes  tbrongh  both  in  succession.    If, 

however,  the  one  is  turned  upon  the  other,  only 

that  portion  of  the  light  can  pass  through  which 

vibrates  still  in  the  direction  ac.     This  portion 

"         *  is  determined  by  the  resolntion  of  the  existing 

vibrations  in  accordance  with  the  principle  of  the  parallelogram  of  forces. 

Consequently,  when  the  sections  stand  at  right  angles  to  each  other  (Fig.  5U9) 

the  amount  of  transmitted  light  is  nearly  zero,  that  is,  the  light  is  extinguished. 

Instead  of  tourmaline,  an  artificial  salt,  the  sulphate  of  iodoquiniue  (hera- 

pathite)  is  sometimes  employed,  but  it  has  little  practical  value. 

318.  Polarized  Light  by  Niool  Prisms. — The  most  satisfactory  method  of 
obtaining  pularized  light  is  by  means  of  a  prism  of  transparent. calcite  (Iceland 
spar).  Fig.  510  shows  the  principle  involved  in  the  prism  early  constructed 
by  Nicol,  which  transmits  one  only  biO.  fill. 

of  the  two  refracted  rays,  that  re- 
presented by  the  line  bdt  (the  extra- 
ordinary ray,  as  later  defined).  The 
other  ray,  bv,  suffers  total  reflection 
at  the  surface  where  the  two  sec- 
tions are  united  together  by  Canada 
balsam  and  is  then  absorbed  by  the 
bluclc  surface  of  the  sides.  Here 
the  vertical  faces  are  natural  cleaV' 
age-faces;  the  face  I'l'  is  ground 
on  so  as  to  make  an  angle  of  68° 
with  the  obtuse  vertical  angle;  the 
prism  80  formed  is  cut  diagonally 
across  (////),  aiid  tlien  the  parts  / 
cemented  together.     Tliis  form  of 

Sriam,  as  well  as  others  somewhat 
ifterentin  form  but  accomplishing 
the  same  end  with  the  use  of  less 
material,  is  ordinarily  called  n  Nicol 
prism,  or  briefly  a  nicol.    The  section  of  the  ordinary  nicol  of  Fig.  510  i 
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lozenge-shaped  (Fig.  511);  the  plane  of  polarization,  PP^  passes  throngh  the 
obtuse  angles  of  the  cross-section,  and  the  vibration-plane,  here  as  nsnal 
represented  by  a  double-headed  arrow,  passes  through  the  acute  edges.  The 
other  prisms  alluded  to  may  have  a  rectangular  cross-section.  The  vibration- 
plane  can  be  readily  determined  in  any  case  by  examining  with  it  the  light 
reflected  from  some  suitable  surface  (e.g.,  of  a  wood  table).  Twice  in  a  revolu- 
tion of  the  prism  through  360"  about  its  axis  this  light  will  be  weakened ; 
when  this  is  true,  the  vibration-plane  of  the  prism  must  be  perpendicular  to 
that  of  the  partially  polarized  reflected  light,  that  is,  it  must  be  vertical^  since 
the  latter  is  taken  as  horizontal. 

319.  Polariscope.  Polarizer.  Analyzer. — The  combination  of  two  nicols,  or 
other  polarizing  contrivaTices,  for  the  examination  of  a  subst^ince  in  polarized 
light  is  called,  in  general,  a  polariscope;  the  common  forms  are  described  later. 
In  any  polariscope  the  prism,  or  other  contrivance,  which  polarizes  the  light 

fiven  from  the  outside  source  is  called  the  poltrizer;  the  other  is  the  a^ialyzer. 
f  the  prisms  have  their  vibration-planes  at  right  angles  to  each  other,  they  are 
said  to  be  crossed;  the  incident  light  polarized  by  the  polarizer  is  then 
extinguished  by  the  analyzer;  briefly,  it  is  said  to  suffer  ea-finction, 

320.  Interference  of  Plane-polarized  Waves.  Interference-colors.  —  The 
simplest  case  of  the  interference  (Art.  312)  of  polarized  light  to  consider  is 
that  where  the  two  light- waves,  or,  more  simple  expressed,  two  rays,  are  polar- 
ized in  the  same  plane.  They  may  then  interfere  to  extinguish  each  other, 
or  they  may  give  rise  to  beautiful  color-effects. 

Suppose,  for  example,  that  in  a  polarization-microscope  (Art.  328)  parallel 
light  passes  upwards  through  the  lower  nicol,  whose  vibration-plane  is  shown 
in  the  cross-section  of  Fig.  512  by  the  arrow  A  A;  512. 

this  light  is  polarized  in  a  single  plane.     Now  let  ^  ' 

this  polarized  light  pass  through  a  thin  cleavage- 
plate  of  selenite;  it  will  in  general  be  separated 
into  two  rays,  each  polarized  in  planes  at  right 
angles  to  tne  other,  having  a  definite  position 
peculiar  to  this  substance.  Thus,  in  Fig.  512,  if 
abed  represents  the  selenite  plate,  its  vibration- ^^ 


planes  have  the  directions  of  the  dotted  arrows. 
The  two  rays  corresponding  to  them  travel  through 
the  section  with  uneqnal  velocity,  and  on  emerging 
one  is  slightly  retarded  as  compared  with  the 
other.  Now  let  these  light-rays  pass  through  a 
second  nicol,  with  its  vibration-plane  at  right 
angles  to  that  of  the  first  nicol,  that  is,  in  the  direction  of  the  arrow  BB.  Then 
each  of  the  two  sets  of  vibrations  (represented  by  the  dotted  arrows)  will  have 
a  component  in  the  direction  of  BB,  and  these  will  emerge  now  polarized  in 
the  same  plane,  and  whence  capable  of  interfering,  for  light-rays  can  only  thus 
completely  interfere  when  their  vibrations  are  in  a  common  plane.  Fnrtlier, 
an  amount  of  light  corresponding  to  the  other  components  (in  the  direction 
A  A)  will  bo  extinguished.  One  of  these  emergent  rays  is,  as  stated,  slightly 
retarded  as  compared  with  the  other.  Tlie  amount  of  this  retardation 
obviously  varies  with  the  strength  of  the  double  refraction  (in  this  case  y—a)^ 
and  also  with  the  thickness  of  tlie  section  taken.  The  interference-color  of 
the  section,  supposing  ordinary  light  to  be  used,  depends  upon  these  two  con- 
ditions, and  may  be  calculated  for  a  given  substance.  Thus  a  plate  of  selenite 
of  a  thickness  of  0  055  mm.  will  give  a  red  (of  the  first  order),  and  if  thinner. 


178  PHYSICAL  MINERALOGY. 

a  yellow  or  gray.  As  the  thickness  increases,  the  colors  (now  of  the  second 
order)  pass  through  successive  shades  of  blue,  green,  yellow,  orange,  and  if  the 
plate  is  of  sufScient  thickness  a  second  red  and  so  on  (see,  further,  Arts.  359 
and  382).  A  mineral  of  very  strong  double  refraction,  as  calcite,  shows  only 
the  white  of  the  higher  order  unless  extremely  thin. 

If  the  section  had  happened  to  have  the  position  of  a'Vc'd'  (Fig.  612),  its 
vibration-planes  would  liave  coincided  with  those  of  the  two  nicols,  and  the 
light,  after  passing  through  the  first  nicol  and  the  section,  would  have  been 
propagated  by  vibrations  in  the  direction  A  A  only,  and  hence  have  been  com- 
pletely extinguished  by  the  second  nicol.  U'he  plate  would  then  have  appeared 
dark. 

The  successive  interference-colors*  of  lhe/r«<  order  piiss  fr.»m  au  inm  gray  through 
bhiisli  gray  to  white,  yellow,  and  red  ;  then  follow  indigo,  blue,  green,  yellow,  orange,  and 
red  of  the  second  order;  then  the  similar  but  paler  series  of  colors  of  the  third  or£r^  and 
finally  the  very  pule  shades  of  green  and  red  of  the  fourOt  order.  Beyond  this  the  colors 
are  not  very  (listin(!t ;  white  of  a  higher  order  tiuuUy  results  from  the  interference. 

An  excellent  colored  plate  showing  these  colored  bands  is  given  by  Levy  and  Lacroiz 
(Les  Mineraux  des  Roches,  1888).  It  is  so  arniuged  as  to  give  the  thickness  of  the  section 
of  a  given  mineral  (all  imporUint  species  present  in  rocks  being  included)  which  will  yield 
any  one  of  the  different  shades  of  color  mentioned.  The  use  to  which  such  a  plate  may  l)e 
put  in  the  practical  determination  of  the  birefringence  of  a  given  mineral  will  be  referred 
to  later. 

321.  Complementary  Colors  in  Polarized  Light. — If  in  the  examination  of  the 
selenite  plate,  as  just  described  (Art.  320),  one  of  the  nicols  had  been  rotated 
90",  or,  in  other  words,  if  the  vibration-planes  of  the  two  nicols  had  been  made 

Parallel,  then  it  is  obvious  that  interference  would  also  have  taken  place 
etween  the  emerging  rays,  but  the  color  resulting  in  each  case  would  have 
been  exactly  the  complementary  tint  to  that  obtained  at  first  wheji  the  nicols 
were  crossed.  The  section  in  the  position  a'Vc'd'  between  parallel  nicols 
obviously  would  appear  white. 

322.  In  the  preceding  articles  the  two  interfering  light-rays,  after  emerging 
from  the  second  nicol,  were  assumed  to  be  polarized  in  the  same  plane;  for 
them  the  resulting  phenomena  as  indicated  are  comparatively  simple.  If, 
however,  two  plane-polarized  rays  propagated  in  the  same  direction  have  their 
vibration-directions  at  right  angles  to  each  other,  and  if  they  differ  one- quarter 
of  a  wave-length  (JA)  in  phase  (assuming  monochromatic  light),  then  it  may 
easily  be  shown  that  the  composition  of  these  two  systems  results  in  a  ray  of 
circularhi  polarized  light.  Briefly  expressed,  this  is  a  ray  which  looked  at 
end-on  would  seem  to  be  propagated  by  ether- vibrations  taking  place  in  circles 
about  the  line  of  transmission.  From  the  side,  the  onward  motion  would  be 
like  that  of  a  screw,  and  either  right-handed  or  left-handed. 

If,  again,  two  light-rays  meet  as  above  described,  with  a  difference  of  phase 
differing  from  \\  (but  not  equal  to  an  even  multiple  of  ^A),  then  the  resulting 
composition  gives  rise  to  elliptically  polarized  light,  that  is,  a  light-ray 
propagated  by  ether-motions  taking  place  in  ellipses. 

The  above  results  are  obtained  most  simply  by  passing  plane-polarized  light 
through  a  doubly  refracting  medium  of  the  proper  thickness  {e.g.,  a  mica  plate) 
which  is  placed  with  its  vibration -planes  inclined  45*^  to  that  of  the  polarizer. 
If  the  thickness  is  such  as  to  give  a  difference  in  phase  of  ^A  or  an  odd  multiple 
of  this,  the  light  which  emerges  is  circularly  i)olarized.     If  the  phase  differs 

from  iA  (but  is  not  equal  to  —  or  A),  the  emergent  light  is  elliptically  polarized. 

*^ 

*  See  further  the  table  given  in  the  following  article :  also  the  explanation  of  the 
••  ultra-blue"  on  p.  428. 
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The  following  table  from  Klein  *  gives  the  relation  between  the  retardation  from  JA.  to 
2A  {X  =  wave-length)  for  a  section  of  a  doubly  refractive  substiiuce,  the  interference-color 
it  yields,  and  the  state  of  the  transmitted  light  as  regards  polarization.  The  section  is  sup- 
posed to  be  observed  in  parallel  sodium  light  with  crossed  nicols  ;  further,  the  vibration- 
direction  corresponding  to  the  greater  refractive  index  in  the  section  runs  from  left  in  front 
to  right  bebind. 


Eeiardation 
for  Na  light. 

Jnterference^oloT 
Nicols  (-f ),  white  light. 

Kind  of  Polarization. 

i^ 

Lavender-gray 

IsT  Order 

Elliptic,  right-handed. 

i^ 

Grayish -blue 

<i 

Circular, 

f^ 

Clearer-gray 

«< 

Elliptic, 

iA 

Pale  straw-yellow 

<< 

Plane-polarited. 

iX 

Bright  yellow 

tt 

Elliptic,  left-handed. 

i^ 

Brownish-yellow 

*$ 

Circular, 

i^ 

Orange 

i< 

Elliptic, 

A 

Red 

«< 

PlaM-polariged, 

t^ 

ludigo 

2d  Order 

Elliptic,  right-handed. 

f^ 

Azure-blue 

<« 

Circular,            *' 

V^ 

Green 

tt 

Elliptic, 

t^ 

Brighter  green 

tt 

Plam-polariud. 

¥^ 

Yellow 

tt 

Elliptic,  left-handed. 

V^ 

Orange 

tt 

Circular,          ** 

¥A 

Reddish-orange 

tt 

Elliptic, 

2A 

Dark  violet-red 

It 

Plaiiepolarized. 

323.  Crystals  Oiving  Circnlar  Polarization.— lu  the  case  of  certain  doubly 
refracting  crystallized  media  (as  quartz),  and  also  of  certain  solutions  (as  of 
sugar),  it  can  be  shown  that  the  light  is  propagated  by  two  sets  of  ether- 
vibrations  which  take  place,  not  in  definite  transverse  planes — as  in  plane- 
Eolarized  light — but  in  circles  ;  that  is,  each  ray  is  circularly  polarized,  one 
eing  right-handed,  the  other  left-handed.  Further,  of  these  rays,  one  will 
uniformly  gain  with  reference  to  the  otlier.  The  result  is,  that  if  a  ray  of  plane- 
polarized  light  fall  upon  such  a  medium  (assuming  the  simplest  case,  as  of  a 
section  of  quartz  cut  normal  to  the  axis),  it  is  found  that  the  two  rays  circularly 
polarized  within  unite  on  emerging  to  a  plane-polarized  ray,  but  the  plane  of 
polarization  has  suffered  an  angular  change  or  rotation,  which  may  be  either 
to  the  right  (to  one  looking  in  the  direction  of  the  ray),  when  the  substance 
is  said  to  be  right-handed,  or  to  the  left,  when  it  is  called  left-handed. 

This  phenomenon  is  theoretically  possible  with  all  crystals  of  a  given 
system  belonging  to  any  of  the  groups  of  lower  symmetry  than  the  normal 
group  which  show  a  plagihedral  development  of  the  faces;  t  or,  more  simplv, 
those  in  which  the  corresponding  right  and  left  (or  +  and  — )  typical  forms 
are  enantiomorphous  (pp.  50,  82),  as  noted  in  the  chapter  on  crystallography. 
In  mineralogy,  this  subject  is  most  important  with  the  common  species  quartz, 
of  the  rhombohedral-trapezohedral  group,  and  a  further  discussion  of  it  is 
postponed  to  a  later  ))age  (Art.  366). 

*  Ber.  Ak.  Berlin.  221,  1893. 

t  Of  the  thirty-two  possible  (rrouf>s  among  crystals,  the  followinp  eleven  may  be  char- 
acterized by  circular  polarization  :  Group  4.  p.  50  :  5,  p.  61 ;  11  and  12,  p.  68;  17,  p.  78. 
23,  p.  82  ;  28  and  24.  p.  84 ;  27,  p.  96 ;  29.  p.  103  ;  32,  p.  109. 
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OPTICAL  INSTRUMENTS  AND  METHODS. 

324.  Heasorement  of  Befractive  Indices.  Befractometer. — For  the  deter- 
mination of  the  refractive  iudices  of  crystallized  niiuerals  various  methods  are 
employed.  The  most  accurate  results,  ivheu  suitable  material  is  at  haud,  may 
be  obtained  by  the  ordinary  refractometer.  This  requires  the  observation  of 
tiie  aTigle  of  minimum  deviation  (d)  of  a  light-ray  on  passing  through  a  prism 
of  the  given  material,  having  a  known  angle  (a),  and  with  its  edge  cut  in  the 
proper  direction.  The  measurements  of  a  and  d  can  be  made  with  an  ordinary 
refractometer  or  with  the  horizontal  goniometer  described  in  Art.  210.  For 
the  latter  instrument,  the  collimator  is  made  stationary,  being  fastened  to  a  leg 
of  the  tripod  su])port,  but  the  observing  telescope  with  the  verniers  moves 
freely.  Further,  for  this  object  the  graduated  circle  is  clamped,  and  the  screw 
attachments  connected  with  the  axis  carrying  the  support,  and  the  yemier 
circle  and  observing  telescope  are  loosened.  Light  from  a  monochromatic 
source  passes  through  an  appropriate  slit  and  an  image  of  this  is  thrown 
by  the  collimator  upon  the  prism.  With  a  doubly  refracting  substance  two 
images  are  yielded  and  the  angle  of  minimum  deviation  must  be  measured  for 
each;  the  proper  direction  for  the  edge  of  the  prism  in  this  case  is  discussed 
later.  In  cases  where  the  highest  degree  of  accuracy  is  desired  sunlight  is 
employed  and  the  angle  of  deviation  measured  for  the  prominent  Fraunhofer 
lines  (p.  171).  When  a  and  d  are  known  the  formula  in  Art.  304  is  used. 

325.  Total  Eefiectometer. — The  principle  of  total  reflection  (Art.  303)  may 
also  be  made  use  of  to  determine  the  refractive  index.  No  prism  is  required, 
but  only  a  small  fragment  having  a  single  polished  surface;  this  may  have 
any  direction  with  an  isometric  crystal,  but  in  other  cases  must  have  a  definite 
orientation,  as  described  later.  The  arrangements  required  (as  developed  by 
F.  Kohlrausch)  are,  in  their  simplest  form,  a  wide-mouthed  bottle  filled  with 
a  liquid  of  high  refractive  power,  as  carbon  disulphide  {fdy  =  1*6442  Na) 
or  a-bromnaphthalin  (piy  =  1*6626  Na).  The  top  is  formed  by  a  fixed 
graduated  circle,  and  a  vertical  rod,  with  a  vernier  attached,  passes  through 
the  plate  and  carries  the  crystal  section  on  its  extremity,  immersed  in  the 
liquid.  The  angle  through  which  the  crystal  surface  lying  in  the  axis  is 
turned  is  thus  measured  by  the  vernier  on  the  stationary  graduated  circle. 
The  front  of  the  bottle  is  made  of  a  piece  of  plate  glass,  and  through  this 
passes  the  horizontal  observing  telescope,  arranged  for  parallel  light.  The 
rest  of  the  surface  of  the  bottle  is  covered  with  tissue-paper,  through  which 
the  diffuse  illumination  from  say  a  sodium  flame  has  access;  the  rear  of  the 
bottle  is  suitably  darkened.  When  now  the  observer  looks  through  the 
telescope,  at  the  same  time  turning  the  axis  carrying  the  crystal  section,  he 
will  finally  see,  if  the  source  of  illumination  is  in  a  proper  oblique  direction,  a 
sharp  line  marking  the  limit  of  the  total  reflection.  The  angle  is  measured  off 
on  the  graduated  circle,  when  this  line  coincides  with  one  of  the  spider  lines 
of  the  telescope.  Now  the  crystal  is  turned  in  the  opposite  direction,  and  the 
angle  again  read  off.  Half  the  observed  angle  {2a)  is  the  angle  of  total 
reflection;  if  pi  is  the  refractive  index  of  the  carbon  disulphide,  then  the 
required  refractive  index,  n,  is  equal  to 

//  sin  a. 
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Under  favorable  couditions  the  resnlts  are  accurate  to  four  decimal 
places.  This  method  is  limited,  obvioasly,  to  substances  whose  refractive 
index  is  less  thaii  that  of  the  liquid  medium  with  which  the  bottle  is  filled. 

Different  forms  of  total  reflectometers  *  have  been  devised  by  Soret, 
Palfrich,  Czapski,  and  others. 

326.  The  method  of  obtaining  the  refractive  index  of  a  transparent 
medium,  first  described  by  Duke  de  Chaulnes  (1767),  has  been  shown  by 
Sorby  f  to  allow,  under  suitable  conditions,  of  determinations  of  considerable 
accuracy.  This  method  consists  essentially  in  observing  the  distance  (d)  which 
the  focal  distance  of  the  objective  is  changed  when  a  plane-parallel  plate  of 
known  thickness  (/)  is  introduced  perpendicular  to  the  axis  of  the  microscope 
between  the  objective  and  the  focal  point,  here 

_       t 
^  "  t  -  d 

Sorby  made  use  of  a  glass  micrometer,  upon  which  two  systems  of  lines 
perpendicular  to  each  other  were  ruled.  A  micrometer-screw  in  the  microscope 
makes  it  possible  to  measure  the  distance  through  which  the  tube  is  raised 
and  lowered  down  to  '001  mm.;  consequently  lK)th  t  and  d  can  be  obtained 
with  a  high  degree  of  accuracy.^ 

327.  Toarmaline  Tongs. — A  very  simple  form  of  polariscope  for  converging 
light  is  shown  in  Fig.  513;  it  is  convenient  in  use,  but  of  limited  application. 
Here  the  polarizer  and  analyzer  are  two  tourmaline  plates  such  as  were  described 
in  Art.  317.  They  are  mounted  in  pieces  of  cork  and  held  in  a  kind  of  wire 
pincers.  The  object  to  be  examined  is  placed  between  them  and  supported 
there  by  the  spring  in  the  wire.  In  use  tney  are  held  close  to  the  eye,  and 
in  this  position  the  crystal  section  is  viewed  in  converqing  polarized  light, 
with  the  result  of  showing  (under  proper  conditions)  the  axial  interference- 
figures  (Arts.  360  and  387). 

613. 


328.  Polariscope.  ConoBOope.  Stanrosoope. — The  common  forms  of  polari- 
scope §  employing  nicol  prisms  are  shown  in  Figs.  514  and  515.||  Fig.  514 
represents  the  instrument  arranged  for  converging  light,  which  is  often  called 
a  conoscope. 

The  essential  parts  are  the  mirror  S,  reflecting  the  li^ht,  which  after 
passing;  through  the  lens  e  is  polarized  by  the  prism  p.  It  is  then  rendered 
strongly  converging  by  the  system  of  lenses  nn,  before  passing  through  the 

♦See  Groth.  Phys.  Kryst.,  1895,  pp.  654-679;  also  Das  Reflectometer,  etc.,  von  Dr. 
C.  Piilfricli.  Leipzig,  1890. 

fMin.  Mag.,  2,  1.  101.1878. 

tor.  Rosenbusch.  Micr.  Pliys.  M!d.,  p.  84,  1892,  wbo  meDtioDS  particularly  methods 
applicable  to  minerals  in  thin  sections. 

gSee  furiher,  Groth,  Phys.  Kryst.  (also  Pogg.  Ann..  144,  84.  1871). 

I  These  figures,  also  Figs.  516, 617,  544,  are  taken  from  the  catalogue  of  R  Fuess,  Steg- 
Uts.  Berlin. 
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section  ander  eXKmination  placed  on  a  plate  at  k.    This  plate  can  be  reToIved 
throogh  any  angle  desired,  meaanred  on  its  circamference.     The  npper  tube 


contains  the  converging  system  oo,  the  lens  /,  and  the  analyzing  prism  q. 
Tlie  arrangements  for  lowering  or  raising  tlie  tubes  need  no  explanation,  nor 
indeed  the  special  devices  for  setting  the  vibration -planes  of  the  nicols  at 
right  angles  to  each  other. 

The  accompanying  tube  (Fig.  515)  shows  the  arrangement  for  observatioDa 
in  parallel  ligbt,  the  converging  leases  having  been  removed.     In  ibis  form  it 
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18  especially  nsed  for  staaroscopic  measurements,  as  later  explained.  In  some 
forms  of  polariscope  of  the  above  type  the  place  of  the  analyzer  is  taken  by  a 
pair  of  black  glass  mirrors  set  at  the  proper  polarizing  angle. 

829.  Polanzation-Microscopc.— The  investigation  of  the  form  and  optical 
properties  of  minerals  when  in  microscopic  form  has  been  much  facilitated 
by  the  use  of  microscopes  *  specially  adapted  for  this  purpose.  First  arranged 
with  reference  to  the  special  study  of  minerals  as  seen  in  thin  sections  of  rocks, 
they  have  now  been  so  elaborated  as  largely  to  take  the  place  of  the  older  optical 
instruments.  They  not  only  allow  of  the  determination  of  the  optical  prop- 
erties of  minerals  with  greater  facility,  but  are  applicable  to  many  cases  where 
the  crystals  in  hand  are  far  too  small  for  other  means. 

A  highly  serviceable  microscope,  for  general  use,  is  that  described  by 
Rosenbusch  in  1876  and  later  much  improved.  A  section^  view  of  one  form 
is  shown  in  Fig.  516,  and  a  later  and  improved  pattern  is  given  in  Fig.  617. 
The  essential  arningements  of  Fig.  516  are  as  follows:  The  tube  carrying  the 
eyepiece  and  ob^'ective  has  a  fine  adjustment-screw  at  g;  the  coarse  adjust- 
ment is  accomplished  by  the  hand.  The  screw-head  g  is  graduated  and  turns 
about  a  fixed  index  attached  to  the  tube/?;  by  this  means  the  distance  through 
wliich  the  tube  is  raised  or  lowered  can  be  measured  to  0001  mm.  The 
polarizing  prism  is  placed  below  the  stage  at  r,  in  a  support  with  a  graduated 
circle,  so  that  the  position  of  its  vibration -plane  can  be  fixed.  The  analyzing 
prism  is  contained  in  a  cap,  ss,  which  is  placed  over  the  eyepiece;  this  may  be 
revolved  at  pleasure,  its  edge  being  graduated.  When  both  prisms  are  set  at 
the  zero  mark,  their  vibration-planes  are  crossed  (J_) ;  when  either  is  turned  90% 
the  planes  are  parallel  (||).  The  stage  is  made  to  rotate  about  the  vertical 
axis,  but  otherwise  (in  this  simple  form)  is  fixed  ;  its  edge  is  graduated,  so 
that  the  angle  through  which  it  is  turned  can  be  measured  to  i°.  Three 
adjustment-screws,  of  which  one  is  shown  at  n,  w,  make  it  possible  to  bring 
the  axis  of  the  object-glass  in  coincidence  with  axis  of  rotation  of  the  stage 
(see,  further,  the  detailed  drawing  at  the  side). 

The  instrument  here  described  may  be  used  in  the  first  place  as  an  ordinary 
microscope  with  magnifying  power  adapted  to  the  special  casein  hand.  In  the 
second  place,  with  polarizing  prisms  and  the  usual  arrangement  of  lenses,  it 
serves  for  determining  the  planes  of  light-vibration  (like  the  sianroscope  of 
Art.  328);  also  for  observing  the  interference-colors  of  doubly  refracting  sec- 
tions and  so  on.  Finally,  with  eyepiece  removed  and  special  condensing  Tenses 
added  beneath  tlie  object  on  the  stage  (as  more  fully  described  later),  it  may  be 
used,  like  the  conoscope,  for  observing  axial  interference-figures,  etc. 

330.  A  later  and  improved  form  of  microscope  shown  in  Fig.  517  is 
essentially  like  that  of  Fig.  516,  but  has  various  refinements  for  accurate 
work.  Thus,  a  screw  is  added  for  the  coarse  adjustment;  another  screw  to 
raise  and  depress  the  lower  nicol;  a  mechanical  stage,  etc.  A  more  essential 
improvement  is  the  insertion  of  the  upper  nicol  in  a  support,  iV,  which  can 
be  pushed  in  or  out  at  will  between  the  eyepiece  and  objective.  The  upper 
nicol  above  the  eyepiece  is,  however,  also  needed  in  certain  cases,  for  example 
with  the  Bertrand  ocular,  described  later. 

The  microscope  which  has  been  briefly  described  is,  as  stated,  especially  applicable  to 
the  study  of  the  form,  optical  properties,  and  mutual  relations  of  minerals  as  they  are 
found  io  thin  sections  of  rocks;  it  has  therefore  become  an  important  adjunct  to  geological 
research.    It  can  also  be  used  to  great  advantage  in  the  study  of  small  independent  crystals 

-  —  —  .,  ■       ■■  ^  — ^      ■■ — --  -  I  -  ■  ■■  ■  .^  ■■  ■Ml       ■■-■■■  ■    ^h.  I    ■^i^^»^— ^^ 

♦See  Rosenbusch,  Mikr.  Phys..  117-130, 1892;  also  Groth,  Phys.  Kryst.,  783-756,  1895. 
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iDdez;  (4)  llghtatworptfon  in  different  iliieriiniis.  i.e..  (Hchrm'am  or  pleochrolem;  (6)  lh« 
botropic  or  aolsotroplc  charaoler.  Rtid  if  tlie  latter.  Ihc  <]Irectltin  of  ibe  piniies  of  llnlit' 
TfbrnKon — IhlB  will  genemlly  iteclcle  llie  question  ms  to  tlie  rryfltalllne  RyBlcm:  (6)  position 
of  ihe  axial  plsne  a"<i  naliiraof  llicnxliil  iiiiiTfi'rfniv-flirnrM;  (7)theBtrengtii  nnd  cbaracter 
(+  or  — )  "f  liie  double  refmi^tton;  {>*)  InclnsioDs.  solid,  liquid,  or  pi»eoii»  The  explanation 
Id  regard  lo  the  speciiil  nptlciil  points  mentioned  Is  di-furred  lo  Inter  page^. 
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GENERAL  OPTICAL  CHAEACTEES  OF  MINEEALS. 

331.  There  are  certain  characteristics  belonging  to  all  minerals  alike^ 
crystallized  and  non-crystallized,  in  their  relation  to  light.     These  are: 

1.  Diaphaneity  :  depending  on  the  relative  quantity  of  light  transmitted. 

2.  Color:  depending  on  the  kind  of  light  reflected  or  transmitted,  as 
determined  by  the  selective  absorption. 

3.  Luster:  depending  on  the  power  and  manner  of  reflecting  light. 

1.  Diaphaneity. 

332.  Degrees  of  Transparency.— The  amount  of  light  transmitted  by  a 
solid  varies  in  intensity,  or,  in  other  words,  more  or  less  light  may  be  absorbed 
in  the  passage  through  the  given  substance  (see  Art.  307).  The  amount  of 
absorption  is  a  minimum  in  a  transparent  solid,  as  ice,  while  it  is  greatest  in 
one  which  is  o])aque,  as  iron.  The  following  terms  are  adopted  to  express  the 
different  degrees  in  the  power  of  transmitting  light: 

Transparent :  when  the  outline  of  an  object  seen  through  the  mineral  is 
perfectly  distinct. 

Subtransparent,  or  semi-transparent:  when  objects  are  seen,  but  the 
outlines  are  not  distinct. 

Translucent :  when  light  is  transmitted,  but  objects  are  not  seen. 

Subtranslucent :  when  merely  the  edges  transmit  light  or  are  translucent. 

When  no  light  is  transmitted,  even  on  the  thin  edges  of  small  splinters,  the 
mineral  is  said  to  be  opaque.  This  is  properly  only  a  relative  term,  since  no 
substance  fails  to  transmit  some  light,  if  made  sufficiently  thin.  Magnetite  is 
translucent  in  the  Pennsbury  mica.  Even  gold  may  be  beaten  out  so  thin  as 
to  be  translucent,  in  which  case  it  transmits  a  greenish  light. 

The  property  of  diaphaneity  occurs  in  the  mineral  kingdom,  in  every 
degree  from  nearly  perfect  opacity  to  transparency,  and  many  minerals 
present,  in  their  numerous  varieties,  nearly  all  the  different  shades. 

2.  Color. 

333.  Nature  of  Color. — As  briefly  explained  in  Art.  294,  the  sensation  of 
color  depends  alone  upon  the  length  of  the  waves  of  light  which  meet  the  eye, 
if  they  are  all  of  the  same  length.  If  the  light  consists  of  various  wave- 
lengths, it  is  to  the  combined  effect  of  these  that  the  sensation  of  color 
is  due. 

Further,  since  the  light  ordinarily  employed  is  essentially  white  light,  that 
is,  consists  of  all  the  wave-lengths  corresponding  to  the  successive  colors  of  the 
spectrum,  the  color  of  a  body  depends  upon  the  selective  absorption  (see 
Art.  307)  which  it  exerts  upon  the  light  transmitted  or  reflected  by  it. 
A  yellow  mineral,  for  instance,  absorbs  all  the  waves  of  the  spectrum  witli  the 
exception  of  those  which  together  give  the  sensation  of  yellow.  In  general 
the  color  which  the  eye  perceives  is  the  result  of  the  mixture  of  those  waves 
which  are  not  absorbed. 

All  minerals  may  be  divided  into  two  classes:  (1)  those  whose  color 
belongs  to  the  finest  particles  mechanically  made;  and  (2)  those  whose  color 
in  the  state  of  fine  powder  is  different  from  what  it  is  in  the  mass. 
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To  the  first  class  belong  the  metals  and  many  minerals  having  a  metallic 
luster;  for  instance,  the  powder  of  the  black  magnetic  oxide  of  iron,  magnetite, 
is  black;  that  of  hematite,  which,  though  often  black  on  the  surface,  is  red  by 
transmitted  light,  is  red,  and  so  on. 

To  the  second  class  belong  the  silicates,  and  in  fact  the  large  part  of  all 
minerals  having  an  unmetallic  luster.  With  them  the  color  is  often  quite 
unessential,  being  generally  due  to  small  admixtures  of  some  metallic  oxide, 
to  some  carbon  compound,  or  to  some  foreign  substance  in  a  finely  divided 
state.  With  most  of  these,  the  fine  powder  is  either  white  or  light-colored;  for 
example,  the  streak  (Art.  334)  of  blacky  green,  red,  and  blue  tourmaline  varies 
little  from  white. 

334.  Streak. — The  color  of  the  powder  of  a  mineral  as  obtained  by  scratching 
the  surface  of  the  mineral  with  a  knife  or  file,  or  still  better,  if  not  too  hard, 
by  rubbing  it  on  an  unpolished  porcelain  surface,  is  called  the  streak.  It  is 
obvious  from  the  distinctions  stated  above  that  the  streak  is  often  a  very 
important  quality  in  distinguishing  minerals.  This  is  especially  true  with 
minerals  of  the  first  class  mentioned  above,  that  is,  those  with  metallic  luster, 
as  defined  in  Art.  338. 

335.  Dichroism;  Pleochroism. — The  selective  absorption,  to  which  the  color 
of  a  mineral  is  due,  more  especially  by  transmitted  light,  varies  according  to 
the  molecular  structure  of  the  crystals.  It  is  hence  one  of  the  special  optical 
characters  depending  upon  the  crystallization,  which  are  discussed  later. 
Here  belong  dichroism  or  pleochroism,  the  property  of  exhibiting  different 
colors  in  different  directions  by  transmitted  light.  This  subject  is  explained 
further  in  Arts.  365  and  393. 

336.  Varieties  of  Color. — The  following  eight  colors  were  selected  by 
Werner  as  fundamental,  to  facilitate  the  employment  of  this  character  in 
the  description  of  minerals:  white,  gray,  black,  blue,  green,  yellow,  red,  B,nd 
brown. 

(a)  The  varieties  of  Metallic  Colors  recogDized  are  as  follows : 

1.  Copper-red:  imtive  copper.— 2.  Bronze-yellow :  pyrrbotite. — 8.  Brass-yellow:  chalco- 
pyrile.— -4.  GoUi-yellow :  native  gold.— 5.  Silver-white:  native  silver,  less  distinct  in  arscDO- 
pyrite.— 6.  Tin  white:  mercury;  cobalt ite. — 7.  Leatd-gray:  galena,  molybdenite. — 8.  Steel- 
gray:  nearly  tbe  color  of  tine-grained  steel  on  a  recent  fracture;  native  platinum,  and 
paliudium. 

(&)  Tbe  following  are  the  varieties  of  Non-mbtallic  Colors: 

A.  White.  1.  Snow-white:  Carrara  marble. — 2.  Reddish  white,  S.  Yellowish  w?iite&nd  4, 
Orayish  white :  all  illustrated  by  some  varieties  of  calcile  and  quartz. — 5.  Greenish  white: 
talc. — 0.  Milk  white:  white,  slightly  bluisli;  some  chalcedony. 

B.  Gray.  1.  Bluish  gray:  gray,  inclining  to  dirty  blue. — 2.  PearUgray :  gray,  mixed 
with  red  and  blue:  ceraigyrite. — H.  Smoke-gray:  gray,  with  some  brown;  flint. — 4.  Green- 
ish gray:  gray,  with  some  green;  cat's-eve;  some  varieties  of  talc. — 5.  TelUnrish  gray : 
some  varieties  of  compact  limestone. — 6.  Ash-gray :  the  purest  gray  color  ;  zoisite. 

C.  Black.  1.  Grayish  black :  black,  mixed  with  gray  (without  green,  brown,  or  blue 
tints) ;  basalt ;  Lydian  stone.— 2.  VelveUblaek:  pure  black  ;  obsidian,  black  tourmaline. — 8. 
Greenish  black :  augite.— 4.  Brownish  black  :  brown  coal,  lignite. — ^.  Bluish  black :  black 
cobalt. 

D.  Blue.  1.  Blackish  blue:  dark  varieties  of  nzurite. — 2.  Azure-blue:  a  clear  shade  of 
bright  blue;  pale  varieties  of  azurite,  bright  varieties  of  lazulite. — 3  Violet-blue:  blue, 
mixed  with  red  ;  amethyst,  tiuorite. — 4.  Lavender  blue  :  blue,  with  some  red  and  much  gray. 
— 5.  Prussian-blue,  or  Berlin  blue:  pure  blue;  sapphire,  cyanite. — 6.  Smalt-blue:  some 
varieties  of  gypsum  — 7.  Indigo  blue:  bUie,  with  black  and  green  ;  blue  tourmaline. — 8.  Sky- 
blue:  pale  blue,  with  a  liitle  green  ;  it  is  called  mountain-blue  by  painters. 

E.  Green.  1.  VerdigiHs-green :  green,  inclining  to  blue  ;  some  feldspar  (amazon-stone). 
— 2.  Celandine-green :  green,  with  blue  and  gray  ;  some  varieties  of  talc  and  beryl.  It  is  the 
color  of  the  leaves  of  the  celandine  (Chelidoniuui  majus). — 8.  Mountain-green:  green,  with 
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much  blue ;  beryL-^.  Letk'ffreen:  greeu,  with  some  brown  ;  the  color  of  leaves  of  garlic  ; 
distinctly  seen  in  prase,  a  variety  of  quartz.— 5.  Shnerald-green :  pure  deep  greeu  ;  emerald. 
— 1>.  Apple  green:  ligbt  green  with  some  yellow;  cbrysoprase.— 7.  Orass-green:  briglit 

greeu,  with  lutire  yellow  ;  greeu  diullage. — 8.  Pistachio-green  :  yellowish  greeu,  with  some 
ruwu  ;  epidole. — 9.  Aspuragiu-green:  pale  greeu,  with  much  yellow;  asparagus  stone 
(upaiite). — 10.  BUickish green :  serpeutine.—  ll.  Olite green:  dark  green,  with  much  browu 
and  yellow;  chrysolite.— 12.  Oil-green:  the  color  of  olive-oil;  beryl,  pitchstoue. — 18. 
Siakin-green:  light  gi-een,  much  iucliuiiig  to  yellow  ;  umuite. 

P.  lEj^Low.  1.  Sulphur yelUm :  sulphur.- 2.  Straw-yellow:  pale  yellow;  topaz. — 8. 
Wax  yellow:  grayish  yellow  with  some  brown  ;  bleude,  opal.— 4.  Uoney -yellow  :  yellow, 
with  Slime  red  aud  brown  ;  cidcite. — 5.  Ltinon-yellow:  sulphur,  orpimeut.— 6.  Oefur-yellow : 
yello  V,  wi  h  brown  ;  yellow  ocher. — 7.  Wine-yellow:  topuz  aud  tiuorile. — 8.  Cream-yellow: 
some  varieties  of  lit homurge. — 9.  Orange-yellow:  orpimeut. 

G.  Red.  1.  Aurora-red:  red,  with  much  yellow;  s<»me  realgar. — 2.  Hyacintfi-red :  red, 
with  yellow  and  some  brown  ;  hyacinth  gurnet. — 3.  Brick-red:  polyhalite,  some  j.isper,— 4. 
Scarlet-red:  bright  red,  with  a  tinge  of  yellow;  cinnabar.— 5.  Blood-red:  dark  red,  with 
some  yellow;  pyrope. — 6.  Flesh-red:  feldspar. — 7.  Carmine-red:  pure  red  ;  ruby  snpph  ire. 
—8.  Hose-re^l:  rose  quartz —9.  Crimson-red:  ruby. — 10.  Peachblossom-red :  red,  with  white 
and  gray;  lepidolite. — 11.  Columbine- red :  deep  red,  with  some  blue;  garnet. — 12.  C/ierry' 
red :  durk  red,  with  some  blue  and  brown  ;  spinel,  some  jasper. — 13.  Brownish-red  :  Jasper* 
limonite. 

H.  Brown.  1.  Reddish  brown :  garnet,  zircon.— 2.  Clove-brown:  brown,  with  red  and 
some  blue;  axinite. — 3.  Hair-brown:  wood  opal.— 4.  Broccoli  brow  n :  brown,  with  blue, 
red,  and  gray;  zircon.— 5.  Chest  nut-broton :  pure  brown.— 6.  Yellowish  brown  :  Jasper. — 7. 
Pinrhbeck-hrown :  yellowish-brown,  wilh  a  metallic  or  metiil lie-pearly  luster;  several 
vurietie.s  of  lalc,  bronzhc. — 8.  Wood-brown:  color  of  old  wood  nearly  rotten;  some  speci- 
mens of  tishcHius.— 9.  Liver-brown:  brown,  wilh  some  gray  aud  green  ;  j^isper. — 10.  Black- 
ish brown :  bituminous  coal,  brown  coal. . 

3.  Luster. 

337.  Nature  of  Luster. — The  luster  of  minerals  varies  with  the  nature  of 
their  surfaces.  A  variation  in  the  quantity  of  light  reflected  produces  different 
degrees  of  intensity  of  luster;  a  variation  in  the  nature  of  the  reflecting  sur- 
face produces  different  kinds  of  luster. 

338.  Kinds  of  Luster. — The  kinds  of  luster  recognized  are  as  follows: 

1.  Metallic:  the  luster  of  the  metals,  as  of  gold,  copper,  iron,  tin. 

In  general,  a  mineral  is  not  said  to  have  metallic  luster  unless  it  is  opaque 
in  the  mineralogical  sense,  that  is,  it  transmits  no  light  on  the  edges  of  thin 
splinters.  Some  minerals  have  varieties  with  metallic  and  others  with  unmetal- 
lic  luster;  this  is  true  of  hematite. 

Imperfect  metallic  luster  is  expressed  by  the  term  sub-metaUic,  as  illustrated 
by  columbite,  wolframite.     Other  kinds  of  luster  are  described  briefly  as 

UNMETALLIO. 

2.  Adamanfi7ie :  the  luster  of  the  diamond.  When  also  sub-metallic,  it  is 
termed  mefnUic-adnninniine^  as  cerussite,  pjrargyrite. 

Adamantine  luster  belongs  to  substances  of  high  refractive  index.  This 
may  be  connected  with  their  relatively  great  density  (and  hardness),  as  with  the 
diamond,  also  corundum,  etc.;  or  because  they  contain  heavy  molecules,  thus 
most  compounds  of  lead,  not  metallic  in  luster,  have  a  high  refractive  index 
and  an  adamantine  luster. 

3.  Viireo7(x:  the  luster  of  broken  glass.  An  imperfectly  vitreous  luster  is 
termed  suh-vitreovs.  The  vitreous  and  sub-vitreous  lusters  are  the  most  com- 
mon in  the  mineral  kingdom.  Quartz  possesses  the  former  in  an  eminent 
degree  :  calcite,  often  the  latter. 

4.  Resinous:  luster  of  the  yellow  resins,  as  opal,  and  some  yellow  varieties 
of  sphalerite. 
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5.  Oreasy:  luster  of  oily  gloss.  This  is  near  resinous  luster,  but  is  often 
quite  distinct,  as  elsBolite. 

6.  Pearly:  like  pearl,  as  talc^  brucite,  stilbite^  etc.  When  united  with  sub- 
metallic,  as  in  hypersthene,  the  term  fnetaUtc-pearhf  is  used. 

Peafly  luster  belongs  to  the  light  reflected  from  a  pile  of  thin  glass-plates; 
similarly  it  is  exhibited  by  minerals,  which,  having  a  perfect  cleavage,  may  be 
partially  separated  into  successive  plates,  as  on  the  basal  plane  of  apophyllite. 
It  is  also  shown  for  a  like  reason  by  foliated  minerals,  as  talc  and  brucite. 

7.  Silky :  like  silk  ;  it  is  the  result  of  a  fibrous  structure.  Ex.  fibrous  cal- 
cite,  fibrous  gypsum. 

The  different  degrees  and  kinds  of  luster  are  often  exhibited  differently  by 
unlike  faces  of  the  same  crystal,  but  always  similarly  by  like  faces.  The  lateral 
faces  of  a  right  square  prism  may  thus  differ  from  a  terminal,  and  in  the  right 
rectangular  prism  the  lateral  faces  also  may  differ  from  one  another.  For 
example,  the  basal  plane  of  apophyllite  has  a  pearly  luster  wanting  in  the  pris- 
matic faces,  they  having  a  vitreous  luster. 

As  sbowu  by  HnidiDgcr,  only  vitreous,  udainaniine,  nnd  metallic  luster  beloDpr  to  fnces 
perfectly  sraooib  iiud  pure.  lu  tbe  firat,  tbe  refrnclive  index  of  tbe  mineral  is  1  S~\  S  ;  in 
tbe  second.  1  9-2*5;  iu  the  tbird,  about  2 '5.  Tbe  true  difference  between  metidlic  and 
vitreous  luster  is  due  to  tbe  effect  wbicb  tbe  different  surfaces  have  upon  tbe  reflected  ligbt; 
in  general,  tbe  luster  is  produced  by  tbe  union  of  two  siraulianeous  impressions  made  upon 
tbe  eye.  If  tbe  liglit  reflected  from  a  metallic  surface  le  exan  iuid  by  a  nieol  prism  (or  tbe 
dicbroscope  of  Haidiu»ir,  Art.  866),  it  will  be  found  that  both  mys,  tbat  vibrating  In  tlie 
plane  of  incidence  and  tbat  whose  vibrations  are  nornial  to  it,  are  alike,  each  having  the 
color  of  tbe  material,  only  difl'ering  a  little  in  brilliancy  ;  on  tbe  contrary,  of  the  light 
reflected  by  a  vitreous  substance,  those  nivs  whose  vibrations  iire  at  right  angles  to  the 
plane  of  fncidencc  are  more  or  less  polarizeci.  and  are  colorless,  while  those  whose  vibrations 
are  in  this  plane,  having  penetrated  somewhat  into  the  medium  and  suffered  some  alMforp- 
tion,  show  the  color  of  tbe  substance  itself.  A  plate  of  red  glass  tlius  examined  will  show 
a  colorless  and  a  red  image.     Adamantine  luster  occupies  a  po:>ition  betw^een  the  otliers. 

339.  Degrees  of  Luster. — The  degrees  of  intensity  of  luster  are  denominated 
as  follows: 

1.  Splendent:  reflecting  with  brilliancy  and  giving  well-defined  images,  as 
hematite,  cassiterite. 

2.  Shilling :  producing  an  image  by  reflection,  but  not  one  well-defined,  as 
celestite. 

3.  Olisfening:  affording  a  general  reflection  from  the  surface,  but  no 
image,  as  talc,  chalcopyrite. 

4.  Glimmering :  affording  imperfect  reflection,  and  apparently  from  points 
over  the  surface,  as  flint,  chalcedony. 

A  mineral  is  said  to  be  dull  when  there  is  a  total  absence  of  luster,  as  chalk, 
the  ochers,  kaolin. 

340.  Play  of  Colors.  Opalescence.  Iridescence. — The  term  play  of  colors  \% 
used  to  describe  the  appearance  of  several  prismatic  colors  in  rapid  succession 
on  turning  the  mineral.  This  property  belongs  in  perfection  to  the  diamond, 
in  which  it  is  due  to  its  high  dispersive  power.  It  is  also  observed  in  precious 
opal,  where  it  is  explained  on  the  principle  of  interference;  in  this  case  it  is 
most  brilliant  by  candle-light. 

The  expression  change  of  colora  is  used  when  each  particular  color  appears 
to  pervade  a  larger  space  than  in  the  play  of  colors  and  the  succession 
produced  by  turning  the  mineral  is  less  rapid.  This  is  shown  in  labradorite, 
as  explained  under  that  species. 

Opalescence  is  a  milky  or  pearly  reflection  from  the  interior  of  a  specimen. 
Observed  in  some  opal,  and  in  cat's-eye. 
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Iridescence  means  the  exhibition  of  prismatic  colors  in  the  interior  or  on 
thp  surface  of  a  mineniL  The  phenomena  of  the  play  of  colors,  iridescence, 
etc.y  are  sometimes  to  be  explained  by  the  presence  of  minute  foreign  crystals, 
in  parallel  positions;  more  generally,  however,  they  are  caused  by  the  presence 
of  fine  cleavage-lamellae,  in  the  light  reflected  from  which  interference  takea 
place,  analogous  to  the  well-known  Newton's  rings  (see  Art.  313). 

341.  Tarnish — A  metallic  surface  is  tarnished  when  its  color  differs  from 
that  obtained  by  fracture,  as  is  the  case  with  specimens  of  bornite.  A  surface 
possesses  the  steel  tarnish  when  it  presents  the  superficial  blue  color  of 
tempered  steel,  as  columbite.  The  tarnish  is  irised  when  it  exhibits  fixed 
prismatic  colors,  as  is  common  with  the  hematite  of  Elba.  These  tarnish  and 
iris  colors  of  minerals  are  owing  to  a  thin  surface  or  film,  proceeding  from 
different  sources,  either  from  a  change  in  the  surface  of  the  mineral  or  from 
foreign  incrustation;  hydrated  iron  oxide,  nsually  formed  from  pyrite,  is  one 
of  the  most  common  sources  of  it,  and  proiluces  the  colors  on  anthracite  and 
hematite. 

342.  Asterism. — This  name  is  given  to  the  peculiar  star-like  rays  of  light 
observed  in  certain  directions  in  some  minerals.  This  is  seen  by  reflected 
light  in  the  form  of  a  six-rayed  star  in  sapphire,  and  is  also  well  shown  hj 
transmitted  light  (as  of  a  small  flame)  with  the  phlogopite  mica  from  South 
Burgess,  Can^a.  In  the  former  case  it  is  explained  by  the  presence  of  thin 
twinning-lamellae  symmetrically  arranged.  In  the  other  case  it  is  due  to  the 
presence  of  minute  inclosed  crystals,  also  symmetrically  arranged,  which  are 

Erobably  rutile  or  tourmaline  in  most  cases.  Crystalline  faces  which  have 
een  artificially  etched  also  sometimes  exhibit  asterism.  The  peculiar  light- 
figures  sometimes  observed  in  reflected  light  on  the  faces  of  crystals,  either 
natural  or  etched,  are  of  similar  nature. 

343.  SchillerizatioQ. — The  general  term  schiller  (from  the  German)  is 
applied  to  the  peculiar  luster,  sometimes  nearly  metallic,  observed  in  definite 
directions  in  certain  minerals,  as  conspicuously  in  schiller-spar  (an  altered 
variety  of  bronzite),  also  in  diallage,  hypersthene,  sunstone,  and  others.  It  is 
explained  by  the  reflection  either  from  minute  inclosed  plates  in  parallel 
position  or  from  the  surfaces  of  minute  cavities  (negative  crystals)  having  a 
common  orientation.  In  many  cases  it  is  due  to  alteration  which  has 
developed  these  bodies  (or  the  cavities)  in  the  direction  of  solution -planes 
(see  Art.  264).  The  process  by  which  it  has  been  produced  is  then  called 
schiller  ization, 

344.  Flaorescenoe. — The  emission  of  light  from  within  a  substance  while 
it  is  being  exposed  to  direct  radiation,  or  in  certain  cases  to  an  electrical  dis- 
charge in  a  vacuum  tube,  is  cdX\Q^  fluorescence.  It  is  best  exhibited  by  fluorite, 
from  which  the  phenomenon  gained  its  name.  Thus,  if  a  beam  of  white  light 
be  passed  through  a  cube  of  colorless  fluorite  a  delicate  violet  color  is  called 
out  in  its  path.  This  effect  is  chiefly  due  to  the  action  of  the  ultra-violet 
rays,  and  is  connected  with  a  change  of  refrangibility  in  the  transmitted 
light. 

The  electrical  discharge  from  the  negative  pole  of  a  vacuum  tube  cjills  out 
a  brilliant  fluorescence  not  only  with  the  diamond,  the  ruby,  and  many  gems, 
but  also  with  calcite  and  other  minerals.  Such  substances  may  continue  to 
emit  light,  or  phosphoresce,  after  the  discharge  ceases. 

345.  Phosphorescence. — The  continued  emission  of  light  by  a  substance 
(not  incandescent)  produced  especially  after  heating,  exposure  to  light  or  to 
an  electrical  discharge,  is  called ^;Ao5/)Aore5ce»c«. 
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Fluorite  becomes  highly  phosphorescent  after  being  heated  to  about 
150**  C.  Diiferent  varieties  give  off  light  of  different  colors;  the  chlorophane 
Yariety,  an  emerald-green  light;  others  purple,  blue,  and  reddish  tints.  11ns 
phosphorescence  may  be  observed  in  a  dark  place  by  subjecting  the  pulverized 
mineral  to  a  heat  below  redness.  It  is  even  called  out  by  a  sharp  blow  with  a 
hammer.  Some  varieties  of  white  limestone  or  marble,  after  slight  heatings 
emit  a  yellow  light;  so  also  tremolite,  danburite,  and  other  species. 

By  the  application  of  heat  minerals  lose  their  phosphorescent  properties. 
But  on  passing  electricity  through  the  calcined  mineral  a  more  or  less  vivid 
light  is  produced  at  the  time  of  the  discharge,  and  subseauently  the  specimen 
wlien  heated  will  often  emit  light  as  before.  The  light  is  usually  of  the 
same  color  as  previous  to  calcination,  but  occasionally  is  quite  different.  It  is 
in  general  less  intense  than  that  of  the  unaltered  mineral,  but  is  much 
increased  by  a  repetition  of  the  electric  discharges,  and  in  some  varieties  of 
fluorite  it  may  be  nearly  or  quite  restored  to  its  former  brilliancy.  It  has 
also  been  found  that  some  varieties  of  fluorite,  and  some  specimens  of  diamond, 
calcite,  and  apatite,  which  are  not  naturally  phosphorescent,  may  be  rendered 
so  by  means  of  electricity.  Electricity  will  also  increase  the  natural  intensity 
of  the  phosphorescent  light. 

Exposure  to  the  liffht  of  the  sun  produces  very  apparent  phosphorescence 
with  many  diamonds,  but  some  specimens  seem  to  be  destitute  of  this  power. 
This  property  is  most  striking  after  exposure  to  the  blue  rays  of  the  spectrum, 
while  in  the  red  rays  it  is  rapidly  lost. 
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SPECIAL  OPTICAL  CHARACTERS   BELONGING  TO   CRYSTALS 

OF  THE   DIFFERENT   SYSTEMS. 

346.  All  crystallized  minerals  may  be  grouped  into  three  grand  classes, 
which  are  distinguished  by  their  physical  properties,  as  well  as  their 
geometrical  form.     These  three  classes  are  as  follows: 

A.  Isometric  class,  embracing  crystals  of  the  isometric  system,  which  are 
referred  to  three  equal  rectangular  axes. 

B.  Isodiametric  class,  embracing  crystals  of  the  tetragonal  and  hexagonal 
systems,  referred  to  two,  or  three,  equal  lateral  axes  and  a  third,  or  fourth, 
axis  unequal  to  them  at  right  angles  to  their  plane.  Crystals  of  this  class  have 
a  fixed  principal  axis  of  crystallographic  symmetry. 

C.  Anisometric  class,  embracing  the  crystals  of  the  orthorhombic,  mono- 
clinic,  and  triclinic  systems,  referred  to  three  unequal  axes.  Crystals  of  this 
class  are  without  a  fixed  axis  of  crystallographic  symmetry. 

347.  Isotropic  Crystals. — Of  the  three  classes,  the  isometric  class  includes 
all  crystals  which,  with  respect  to  light  and  related  phenomena  involving  the 
ether,  are  isotropic;  that  is,  those  which  have  like  optical  properties  in  all 
directions.  Specifically,  a  light-wave  is  propagated  in  them  with  the  same 
velocity  in  all  directions,  an^  its  wave-front  is  therefore  a  sphere.  Hence, 
also,  the  sphere  mav  be  regarded  as  representing  the  optical  structure  of  an 
isometric  crystal.  The  geometrical  property  of  the  sphere  that  every  cross- 
section  is  a  circle  corresponds  to  the  optical  property  of  the  isotropic  medium 
in  which  the  velocity  of  light-propagation  is  the  same  in  every  direction,  for 
this  being  true,  the  medium  must  have  like  properties  of  the  ether  Jn  any 
plane  normal  to  such  a  line. 

It  must  be  repeated  here,  however,  that  such  a  crystal  is  not  isotropic  with 
reference  to  those  characters  which  depend  directly  upon  the  molecular  struc- 
ture alone,  as  cohesion  and  elasticity.     (See  Art.  264.) 

Further,  amorphous  bodies,  as  glass  and  opal,  which  are  destitute  of  any 
oriented  molecular  structure— that  is,  those  in  which  all  directions  are  sensibly 
the  same — are  also  isotropic,  and  not  only  with  reference  to  light,  but  also  as 
regards  their  strictly  molecular  properties. 

348.  Anisotropic  Crystals;  Uniaxial  and  BiaxiaL — Crystals  of  the  isodia- 
metric and  ANISOMETRIC  classes,  on  the  other  hand,  are  in  distinction  anis(h 
tropic.  Their  optical  properties  are  in  general  unlike  in  different  directions, 
or,  more  particularly,  the  velocity  with  which  light  is  propagated  varies  with 
the  direction. 

Further,  in  crystals  of  the  isodiametric  class  that  variable  property  of  the 
light-ether  upon  which  the  velocity  of  propagation  depends  remains  constant 
for  all  directions  which  are  normal,  or,  again,  for  all  those  equally  inclined  to 
the  vertical  crystallographic  axis.  In  tlie  direction  of  this  axis  there  is  no 
double  refraction;  it  is  hence  called  the  optic  axis,  and  the  crystals  of  this 
class  are  said  to  be  uniaxial.  The  optical  structure  of  uniaxial  crystals  can  be 
represented  by  a  spheroid,  that  is,  an  ellipsoid  of  revolution  whose  axis  of 
revolution  is  the  optic  axis,  or  axis  of  crystallographic  symmetry.  Thp  direction 
and  properties  of  this  optic  axis  will  be  seen  to  correspond  to  the  geometrical 
property  of  the  spheroid,  a  section  of  which  normal  to  this  axis  is  always  a 
circle. 

Crystals  of  the  third  or  anisometric  class  have  more  complex  optical  rela- 
tions requiring  special  explanation,  but  in  general  it  may  be  stated  that  in  them 
there  are  always  two  directions  analogous  in  character  to  the  single  optic  axis 
apoken  of  above,  hence  these  crystals  are  said  to  be  optically  biaxial.    Further, 
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it  will  be  shown  that  their  optical  structure  may  be  represented  geometricallj 
by  an  ellipsoid  with  three  unequal  rectangular  axes.  Every  such  ellipsoid  has 
two  directions  in  which  it  can  be  cut  yielding  cross- sections  which  are  circles; 
the  optic  axes  spoken  of  will  be  seen  later  to  be  normal  to  these  planes  after 
the  analogy  of  uniaxial  crystals. 

In  crystals  of  the  orthorhombic  system  the  axes  of  the  ellipsoid  coincide 
in  direction  with  the  crystallographic  axes.  In  crystals  of  the  monoclinic 
system  one  of  these  ellipsoidal  axes  coincides  with  the  axis  of  crystallographic 
symmetry,  the  other  two  lie  in  the  plane  of  symmetry.  In  crystals  of  the 
triclinic  system  there  is  no  necessary  relation  between  the  position  of  the 
ellipsoidal  axes  and  those  assumed  to  describe  the  crystallograpnic  form. 

All  of  these  points  require  detailed  discussion,  but  the  above  statements 
will  partially  serve  to  bring  out  the  intimate  connection  between  the  molec- 
ular structure  exhibited  in  the  geometrical  form  and  the  optical  characters 
depending  upon  the  properties  belonging  to  the  light-ether  within  the  crystal. 

A.  Isometric  Crystals. 

349.  It  has  been  stated  that  crystals  of  the  isometric  system  are  optically 
isotropic,  and  hence  light  travels  with  the  same  velocity  in  every  direction  in 
them.  Light  can,  therefore,  suffer  only  single  refraction  in  passing  into  an 
isotropic  medium  ;  or,  in  other  words,  there  can  be  but  one  value  of  the 
refractive  index  fur  a  given  wave-length.  If  this  be  represented  by  n,  while 
V  is  the  velocity  of  light  in  air  and  v  that  in  the  given  medium,  then 

V  V 
n  =  —y  or  V  =  —, 

V  n 

The  wave- front  for  light- waves  propagated  from  any  point  within  such  an 
isotropic  medium  is  a  sphere,  and,  as  already  stated,  this  geometrical  figure 
may  be  taken  as  representing  the  optical  structure  of  an  isometric  crystal. 

'J'his  statement  holds  true  of  all  the  groups  of  isometric  crystals.  In  other 
words,  a  crystal  of  maximum  symmetry,  as  flnorite,  and  one  having  the 
restricted  symmetry  characteristic  of  the  tetrahedral  or  pyritohedral  divisions, 
have  alike  the  same  isotropic  character.  Two  of  tlie  groups,  however,  namely 
the  plagihedral  and  the  tetartohedral  groups,  differ  in  this  particular:  that 
crystals  belonging  to  them  may  exhibit  what  has  already  been  defined  (Art. 
323^  as  circular  polarization. 

350.  Behavior  of  Sections  of  Isometric  Crystals  in  Polarized  Light. — In  con- 
sequence of  their  isotropic  character,  isometric  crystals  exhibit  no  special 
phenomena  in  polarized  light.  Sections  of  transparent  isometric  crystals  may 
be  always  recognized  as  such  by  the  fact  that  they  behave  as  an  amorphous 
substance  in  polarized  light.     In  other  words,  a  section  on  the  stage  of  the 

f polarization -microscope,  when  the  nicols  are  crossed,  appears  dark,  and  a  revo- 
ution  of  the  section  in  any  plane  produces  no  change  in  appearance.  Similarly, 
it  appears  light  in  any  position  when  placed  between  parallel  nicols.  Some 
anomalies  are  mentioned  on  a  later  page  (Art.  411). 

The  single  refractive  index  may  be  determined  by  means  of  a  prism  cut 
with  its  edge  in  any  direction  whatever. 

B.  Uniaxial  Crystals. 

General   Optical   Relations. 

351.  The  crystallographic  and  optical  relations  of  crystals  belonging  to 
crystals  of  the  tetragonal  and  hexagonal  systems  have  already  been  briefly 
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summarized  (Art.  348);  it  now  remains  to  develop  their  optical  characters  more 
fully.  This  can  be  done  most  simply  by  making  frequent  use  of  the  familiar 
conception  of  a  light-ray  to  represent  the  character  and  motion  of  the  light- 
wave. 

352.  Optic  Axis.  Ordinary  and  Extraordinary  Eay. — The  study  of  a  crystal 
belonging  to  this  class  shows,  in  the  first  place,  that  light-rays  which  pass  in 
the  direction  of  the  vertical  axis  suffer  no  double  refraction.  This  direction  is 
that  called  the  optic  axU,  Since  the  rays  spoken  of  are  propagated  by  vibra- 
tions at  right  angles  to  the  vertical  axis,  tliut  is,  in  the  plane  of  the  lateral 
crystallographic  axes,  this  observed  fact  proves  that  for  such  rays  there  is  but 
one  value  of  the  refractive  index,  and,  further,  that  all  the  lateral  directions 
must  be  identical  so  far  as  those  properties  of  the  ether  are  concerned  upon 
which  the  velocity  of  light  depends. 

On  the  other  hand,  light  wiiich  passes  through  the  crystal  in  any  other 
direction  than  that  of  the  vertical  axis  suffers  double  refraction;  in  other  words, 
it  is  separated  into  two  rays,  which  are  propagated  with  different  velocities. 
This  is  true  (see  Art.  310)  even  when  the  rays  follow  the  same  path,  as  in  the 
case  of  perpendicular  incidence  upon  the  given  face. 

Both  of  these  rays  are  completely  polarized,  and  that  in  planes  at  right 
angles  to  each  other. 

It  is  found,  further,  that  for  one  of  these  two  rays,  namely,  that  propagated 
by  vibrations  normal  to  the  vertical  axis,  there  is  a  constant  value  of  the 
refractive  index,  whatever  its  direction;  moreover,  this  value  follows  the  usual 
law  as  to  the  constant  ratio  between  the  sines  of  the  angles  of  incidence  and 
refraction  (Art.  298).  It  is  hence  called  the  ordinary  ray,  and  the  correspond- 
ing refractive  index  is  uniformly  represented  by  the  letter  co. 

For  the  other  ray,  on  the  other  hand,  it  is  found  that  the  refractive  index 
varies,  and  in  general  it  does  not  obey  the  sine  law.  It  is  hence  called  the 
extraordinary  ray.  Further,  if  the  direction  of  propagation  changes  progres- 
sively from  that  nearly  coinciding  with  the  vertical  axis  to  that  in  the  lateral 
plane  normal  to  it,  it  is  found  tliat  the  value  of  the  refractive  index  of  the 
extraordinary  ray  deviates  more  and  more  widely  from  the  constant  value  for 
the  ordinary  ray,  and  this  difference  becomes  a  maximum  when  the  former  is 
propagated  in  a  lateral  plane  normal  to  the  vertical  axis,  that  is,  by  transverse 
vibrations  in  the  direction  of  this  axis.  This  last  value  of  the  refractive  index 
is  represented  by  the  letter  e.  These  two  indices,  oo  and  e,  are  called  the 
principal  indices  of  a  uniaxial  crystal.  A  principal  section  of  a  uniaxial 
crystal  is  a  section  passing  through  the  vertical  axis. 

353.  Positive  and  Negative  Crystals. — Uniaxial  crystals  arc  divided  into 
two  classes.  Those  in  which  the  refractive  index  of  the  extraordinary  ray,  e,  is 
greater  than  that  of  the  ordinary  ray,  gj,  are  called  positive.  This  is  illustrated 
by  quartz  for  which  (for  yellow  sodium  light): 

GO  =  1-544.  €  =  1-553. 

On  the  other  hand,  if  co  is  greater  than  e,  the  crystal  is  said  to  be  negative, 
Calcite  is  an  example,  for  which  (for  sodium  light): 

a)  =  1-658.  €  =  1-486. 

Other  examples  are  given  later  (Art  356). 

354.  Wave-surface. — Remembering  that  the  velocity  of  li^ht-propagation 
is  always  inversely  proportional  to  the  corresponding  refractive  index,  it  is 
obvious  that  the  velocity  of  the  ordinary  ray  for  all  directions  in  a  uniaxial 


CHARACTEHS  DEPENDING   UPON   LIGHT. 


OJ 


195 

In  other 


crystal  must  be  the  same,  being  uniformly  proportional  to 

words,  the  wave-front  of  the  ordinary  ray  must  be  a  sphere. 

For  the  extraordinary  ray,  however,  the  velocity  varies  with  the  direction, 

being  proportional  to  -  in  a  lateral  direction  and  becoming  sensible  equal 
to  —  when  nearly  coincident  with  the  direction  of  the  vertical  axis.     The 

CO 

law  of  the  varying  change  of  velocity  between  these  values,  —  and  —  is  given 

by  an  ellipse  whose  axes  (OC,  0-4,  Figs.  518, 519)  are  respectively  proportional 
to  the  above  values. 

618.  619. 

c 


0(7  :  0^  =  -  :  -  =  6  :  c». 

CO      6 

This  law,  suggested  by  Huygens,  has  since  been  verified  by  accurate 
experiments  by  several  observers  for  typical  substances,  as  calcite  and  soda 
niter;  hence  it  is  accepted  without  question  as  a  law  of  nature.  The  wave- 
front  of  the  extraordinary  ray  is  then  a  spheroid,  or  an  ellipsoid  of  revolution 
whose  axis  coincides  with  tlie  vertical  crystallographic  axis,  that  is,  the  optical 
axis.  In  the  direction  of  the  vertical  axis  it  is  obvious  that  the  two  wave- 
fronts  coincide. 

620.  621. 


Negative  crystal,  to  >  e.  Positive  crystal,  e  >  co. 

Figures  520  and  521  represent  vertical  sections  of  the  combined  wave- 
snrfaces  for  both  rays.     Fig.  520  gives  that  for  a  npqattve  crystal  like  calcite 
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(o)  >  f);  Fig.  5S1  that  of  aposUive  crystal  like  quartz  (e  >  a*).     Fig.  522  ia 
,aa  ^^  attempt  to  show  the  relations   of  the  two 

wave-fronts  of  a  negative  crystal  in  perapectiye.* 
Tbe  constant  value  of  the  velocity  of  the  ordinary 

raj    I-  j,  whatever  its  direction  in  thi§  plane,  is 

expressed  by  the  radius  of  the  circle  (=  OC). 
On  the  other  hand,  the  velocity  of  the  extra- 
ordinary ray  in   tbe  lateral  direction  ia  given 

by  Oa(-\,  while  in  a  direction  as  Osr,  Fig.  520 

{Ora,  Fig.  521),  it  is  expressed  by  the  length  of 

this  line,  becoming  more  and  more  nearly  eqnal  to  OC(~  j  as  its  direction 

approaches  that  of  the  vertical  axis. 

355.  Indicatriz.— It  will  now  be  understood  what  was  meant  by  the  state- 
ment in  Art.  348  that  the  optical  striicturo  of  a  uniaxial  crystal  may  be 
represented  by  an  ellipsoid  of  revolution,  and  it  ia  further  obvious  that  the 
ratio  between  the  axes  of  this  ellipsoid  must  be  as  already  given : 


OC:  OA  =- 


1 


or     6  : 


It   has   been   shown   by   Fletcher  f    that   this   ellipsoid,  called   by  him  the 
indicatrii,   may   be   taken    to    represent   the 
optical  cliaracters  of  botli  rajM  without  refer-  *^^'    _ 

encB  to  the  wave- surface,  since  it  can  he  proved 
geometrically  J  that  for  a  given  direction,  as  Or, 
the  velocity  of  the  extraordinary  ray  is  expressed 
not  only  by  Or  but  also  by  the  inverse  of  the 
normal  upon  it  from  the  point  R  (determined 
1 


by  the  tangents  to  the  ellipse),  that  is,  by  -^-j^ 

also  this  normal  fixes  the  plane  of  polarization 
which  ia  perpendicular  to  RX.  Further,  the 
velocity  of  the  ordinary  ray,  having  the  same 
direction  (cf.  p.  195),  is  expressed  by  the  inverse 
of  the  second  normal  npon  the  same  line,  that 

is,  ■— ,  since  this  normal  is  always  in  the  equatorial  plane,  tlie  section  of  which 

is  a  ciicle.     Fig.  523  shows  the  form  of  the  indicatrix  for  a  negative  crystal 

*  Fles.  .'i2-!  nnd  ■'•38  nre  laken  from  Mu1ler-Pc>iiil1(.-t  s  Leiirliiicli  dur  Phyalk. 
f  TIiu  Opi  icnl  ludfcalHx  auU  lliu  TruusmUiiion  of  Light  in  Cryatsls,  bj  L.  Fletcher, 
Londnn,  IBM. 

fTliis  follows,  from  Ibe   property  of  the  ellipse   la   genemi,  since  the  parailelo^mii 
Oi.OC         .    .        Constant 


ORVr  =  0A.00.  that  li,  RN.Or  =  OA.OC  and  Or  = 


Ry  ' 


lo  other  words,  the  velocity  of  the  cxtrsordtDary  niy  (b.1  varies  Inversely  i 
Similarly,  «u  h  represented  by  Or,,  that  is,  in  the  Indlcatrix  by 

-(since  Or,  =  00=  -^^  =  -^^}. 


.  Or  = 
1 
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like  calcite  (c0  >  e);  that  for  a  positive  crystal,  like  qnartz  (e  >  oo)  would  be 
a  prolate  spheroid. 

866.  Examples  of  Positiye  and  NegEtive  Oryitali. — The  followiDg  listf)  give  prominent 
poflitive  and  negative  uniaxial  crystals,  witb  the  values  of  the  refractive  indices,  00  and  e, 
for  each,  corresponding  to  yellow  sodium  light.*  The  difference  between  these.  00 — e  or 
e—ao,  is  also  given;  this  measures  the  birefringence  or  strength  of  the  double  refraction. 

It  may  be  remarked  that  in  some  si^ecies  both  -f  nud  —  varieties  have  been  observed. 
Certain  crystals  of  apophyllite  are  positive  for  one  end  of  the  spectrum  and  negntive  for 
the  other,  and  consequently  for  some  color  between  the  two  extremes  it  has  no  double 
refraction.  The  same  is  true  for  some  other  species  {e.g.,  chabazite)  of  weak  double 
refraction.  It  is  to  be  noted  also  that  while  eudialyte  is  positive,  the  related  eucollte  is 
negative. 

Negative  Crtstalb. 

00  €  «— e 

Proustite 8  0877  2  7924  0-2«63 

Calcite  1  6585  1-4863  01723 

Tourmaline 1-6897  16208  00189 

Corundum 1  -7675  1  -7692  0  00H8 

Berxl 1-5894  15821  00078 

Nephelite 1*5416  15876  0-0040 

Atintile 1  -6461  1  6417  0  0o84 

Vesu  vianite 1  7285  1  7226  00009 

Positive  CRYOTAiiS. 

Rutile     2-6158  29029  0  2871 

Cassitcrile 19960  20984  00908 

Zircon 1  9318  1-9931  0  0618 

Pheiiacite  16540  16697  00157 

Brucite 1-5590  l-5;95  0  0205 

Quartz  1-5442  15588  0  0091 

Apophyllite 1-6337  15356  0  0O19 

Leucite 1508  1509  0  001 

Examination  of  Uniaxial  Crystals  in  Polarized  Light. 

357.  Section  Normal  tc  the  Axis  in  Parallel  Polarized  Light.— Suppose  a 
section  of  a  uniiixial  crystal  to  be  cut  perpendicular  to  the  vertical  axis.  It 
has  already  been  shown  that  light  passing  through  the  crystal  in  this  dii-ection 
suffers  no  double  refraction;  consequently,  such  a  section  examined  in  parallel 
polarized  ligiit  in  the  instrument  called  an  orthoscope  (Fig.  515),  or  in  the 
polarization  microscope  (Figs.  516,  517),  behaves  as  a  section  of  an  isometric 
crystal,  or  of  an  amorphous  substance.  If  the  nicols  are  crossed  it  appears 
dark,  and  remains  so  when  revolved. 

358.  Section  Parallel  to  the  Axis. — A  section  cut  parallel  to  the  vertical 
axis,  as  already  explained,  has  two  directions  of  light-vibration,  one  parallel 
to  this  axis  and  the  other  at  right  angles  to  it.  A  ray  of  ordinary  light  falling 
upon  such  a  section  at  right  angles  is  divided  into  the  two  rays,  oi-dinaiT  and 
extraordinary,  whicli,  however,  in  this  special  case  of  perpendicular  incidence 
travel  on  in  the  same  path  tlirongh  the  crystal,  but  one  of  them  retarded 
relatively  to  the  otlier.  In  paral'jel  polarized  light  between  crossed  nicols 
such  a  section  will  appear  dark  if  the  directions  of  its  two  vibration-planes 
coincide  with  the  vibration-planes  of  the  nicols.     Thus  in  Fig.  524,  A  A  being 

*  For  authorities,  see  Dun  a 's  System.  1892.  For  corundum  and  brucite  the  values  of 
a0r  and  €r  nre  given. 
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tbe  vibration-plane  of  the  lower  nicol  (polarizer)  and  BB  of  the  upper  nicol 
(analyzer),  the  light  that  has  passed  through  the  polarizer  has  its  vibrations 
limited  to  the  plane  A  A;  these,  therefore,  pass  through  the  section  abcdy  but 
they  are  arrested  or  extinguished  by  the  second  nicol.  The  same  will  be  true 
if  the  section  is  turned  at  right  angles  to  the  first  position,  that  is,  into  tbe 
position  a'h'c'd',  represented  by  the  dotted  lines. 

If  the  section  stand  obliquely,  as  abed  in  Fig.  525,  it  will  appear  light 
to  the  eye  (and  usually  colored).     For  the  vibrations  parallel  to  A  A  that  have 

624.  626. 
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passed  through  the  polarizer  have  upon  resolution  a  component  in  the  direc- 
tion of  each  of  the  vibration  planes  of  the  section.  Again,  each  of  these 
components  can  be  resolved  along  the  direction  of  the  vibration-plane  of  the 
upper  nicol,  BB.  Therefore,  two  rays  will  emerge  from  the  analyzer,  both 
having  the  same  vibration-plane,  but  one  more  or  less  retarded  with  reference 
to  the  other,  the  amount  of  retardation  increasing  with  the  birefringence  and 
the  thickness  of  the  section.  In  general,  therefore,  these  rays  will  interfere, 
and  if  the  thickness  of  the  section  is  sufficient  (and  not  too  great)  it  will 
appear  colored  in  white  light  and,  supposing  the  thickness  uniform,  of  the 
same  color  throughout. 

Any  section  whatever  of  a  uniaxial  crystal  appears  dark  between  crossed 
nicols  if  its  principal  section  (Art.  352)  coincides  with  the  vibration-plane  of 
either  nicol. 

359.  Color  of  a  Section  in  Parallel  Polarized  Light.  Birefringence. — The 
interference-color  of  a  section  under  examination  depends  (Art.  320)  upon  its 
thickness  and  upon  the  birefringence;  this  birefringence  has  a  maximum 
value,  equal  to  a?  —  e  or  e  —  07,  if  the  section  is  cut  parallel  to  the  optic  axis 
(i.e..  I  6). 

Tie  following  table*  gives  the  thickness  (in  millimeters)  of  sections  of  a 
few  uniaxial  crystals  which  yield  red  of  tlie  first  order: 


Birefringence 

(ct>  —  )  or  (e  —  oo). 

Rutile 0-287 

Calcite OlT-2 

Zircon    0062 

Tourmaline  002:3 

Quartz 0  009 

Nephelite 0-004 

Leucite 0001 


Thickness  iu 
Millimeters. 

0-0019 
00032 
00089 
00240 
0  0012 
01377 
0-5510 


*  Sc  further.  Roscnbusch  (Mikr    Plivs    Min 
taken.     Compare  also  remarks  made  in  Art.  820. 


1892,  p.  166),  from  wljom  these  are 
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Again,  aa  asotber  example,  It  may  be  noted  that  with  zircon  (c  —  «ii  =  0  063),  a  ILlckneH 
of  about  0009  mm  gives  red  of  llie  first  order;  of  0  01?  red  of  lljc  secood  order;  of  0038 
red  of  tilt:  third  oi-der. 

Tlie  melbods  otdtnarily  uaed  to  (ielermine  the  birefringence  of  a  section  (not  i.  J)  of  a 
uniaxial  crystal,  as  bIgo  to  fix  the  relative  viilue  of  its  two  vibnition-diieclious,  are  the  samo 
as  those  employed  for  biaxial  crystula,  and  the  diftCuaalon  uf  them  li>  pOBlpuiieil  to  a  luler 
jiage  [An.  884). 

360.  Uniaxial  Interferenoe-fignre. — If  an  axial  section,  that  is,  one  cnt 
normal  to  the  vertical  axis  i,  of  suitable  thickness,  be  viewed  in  converging 
polarized  light  in  a  polariecope,  e.g.,  the  conoacope  (Art.  327,  Fig.  514),  or  the 
tonrmaliue  tongs  (Fig.  513),  or  again  in  the  microscope*  arranged  for  the 
purpose,  it  no  longer  appears  dark.  On  the  contrary, s  beautiful  phenomenon 
18  observed:  a  syinmetricul  bhick  cross — when  the  nicols  or  tourmaline  platea 
are  crossed— with  a  series  of  concentric  rings.  Hark  and  light  in  monochromatic 
light,  but  in  white  light  showing  the  prismatic  colors  in  succession  in  each 
ring.  This  is  represented  without  the  colors  in  Fig.  536,  and  with  the  colors 
in  Fig.  1  of  the  plate  forming  the  frontispiece  to  this  volume. 

This  cross  becomes  white  when  the  nicols  or  tourmalines  are  in  a  parallel 
position,  and  each  band  of  color  in  white  light  changes  to  its  complementary 
tint  (cf.  Fig.  52?).  These  interfere  nee- figures,  seen  f  in  this  form  only  in  a 
plate  cut  perpendicular  to  the  vertical  axis,  mark  the  uniaxial  character  of 
the  crystal. 

The  explanation  of  this  phenomenon,  so  far  as  it  can  be  given  in  a  brief 
statement,  is  as  follows:  All  the  rays  of  light  perpendicular  to  the  plane  of 
the  section,  that  is,  those  whose  vibrar.iona  coincide  sensibly  with  the  vibration- 
planes  of  either  of  the  crossed  nicols,  must  necessarily  be  extinguished.     This 
626.  627. 


gives  rise  to  the  black  cross  in  the  center,  with  its  arms  in  the  direction  of  the 
planes  mentioned.  Obviously  this  cross  will  be  darkest  along  its  central  axis, 
while  it  fades  out  on  the  sides.  All  other  rays  passing  through  the  given  plate 
obliquely  are  doubly  refracted,  and  after  passing  through  the  second  nicol,  thus 
being  referred  to  the  same  plane  of  polarization,  they  interfere,  and  give  rise 

•  After  the  section  is  In  position  on  the  slase,  nnd    properly  fociisod,  the  eye-piece  la 
removed  nnd  h  coudenelng  lens  inserted  over  the  loner  nicol      It  is  importimt  to  use  a 
I'lrliiiively  iiigli-power  oDJeclive.     It  is  ulso  possible  lo  see  iixiiil  lij^iircH  witlinut  i«moving 
the  eye-i  ii-ce  by  asio^  ii  maf^nffylni:  glniw  iibove  tlie  latter.     Of.  Klein.  Jh.  Min  ,  Bell  -Bd 
3,  MO,  18BA:  also  Berlrand,  Bull.  Sue.  Miu.,  1.  33.  96.  1878:  3.  D7.  INUO 

f  Uiiinxial  crystals  which  produce  circular  polaiizntioo  exhibit  mi  nxinllnterrerence- 
ficure  (Fig.  3  «f  'lie  pliite  referred  to  above)  which  diffti-*  tuimevf  hiit  from  that  deacrllved, 
as  DOted  lu  Art.  369.     Some  anomalies  are  meutluned  later.    (Art.  411.) 
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to  a  series  of  concentric  rings,  light  and  dark  in  monochromatic  light,  bnt  in 
ordinary  light  showing  the  snccessive  colors  of  the  spectrum.  The  phenomenon 
is  closely  analogous  to  that  of  the  Newton's  rings  mentioned  in  Art.  313.  A 
cone  of  converging  rays  passes  through  the  crystal  and,  having  traversed  the 
second  nicol,  each  is  divided  into  two  rays  with  common  vibration -planes^  but 
one  of  them  (the  ordinary  ray  in  positive  crystals)  slightly  retarded  with 
reference  to  the  other.  When  the  amount  of  retardation  is  equal  to  a 
wave-length  (supposing  monochromatic  light  to  be  employed)  the  effect  of  the 
interference  is  to  destroy  the  light  and  the  plane  section  of  the  cone,  or  circle, 
appears  dark.  Other  dark  rings  are  seen  at  distances  which  correspond  to  a 
retardation  of  |,  f ,  },  etc.,  of  a  wave-length.  If,  however,  the  retardation 
amounts  to  a  whole  wave-length  or  any  multiple  of  this,  the  two  rays  unite  to 
strengthen  each  other  and  give  rise  to  a  light  ring.  If  ordinary  white  light  is 
employed,  the  relations  are  similar  but  the  retardation  cones  overlap  becanse 
of  the  different  values  of  the  refractive  indices  (i.e.,  yelocities)  for  the  different 
wave-lengths,  and  the  series  of  colored  circles  is  the  result. 

The  distance  of  each  successive  ring  from  the  center  obviously  depends 
upon  the  birefringence,  or  the  difference  between  the  refractive  indices  for 
the  ordinary  and  extraordinary  ray,  and  also  upon  the  thickness  of  the  plate. 
The  stronger  the  double  refraction  and  the  thicker  the  plate,  the  smaller  the 
angle  of  the  light-cone  which  will  give  a  certain  amount  of  retardation,  or^ 
in  other  words,  the  nearer  the  circles  will  be  to  the  center.  Further,  for  the 
same  section  the  circles  will  be  nearer  for  blue  light  than  for  red,  because  of 
their  shorter  wave-length.  When  the  thickness  of  the  plate  is  considerable, 
only  the  black  brushes  are  distinctly  seen. 

361.  Determination  of  the  Refractive  Indices. — A  single  prism  suffices  for 
the  measurement  of  the  indices  of  refraction,  qj  and  e,  with  the  refractometer. 
Further,  its  edge  may  be  either  parallel  to  the  vertical  axis  or  at  right  angles 
to  this  direction.  Such  a  prism  yields  two  images  of  the  slit,  one  correspond* 
ing  to  the  ordinary  and  the  other  to  the  extraordinary  ray,  and  for  each  the 
angle  of  minimum  deviation  is  to  be  determined,  that  is,  the  angle  6  in  the 
general  formula  of  Art.  304.  Which  of  the  two  rays  corresponds  to  the 
ordinary  and  which  to  the  extraordinary  ray  can  be  easily  distinguished  by 
means  of  a  nicol,  the  position  of  whose  vibration-plane  is  known.  This  will 
extinguish  that  ray  whose  vibrations  take  place  in  a  plane  at  right  angles  to 
its  own  vibration -plane. 

362.  Other  Methods  for  Determining  the  Refractive  Indices. — The  method 
of  total  reflection  (Arts.  303  and  325)  may  also  be  employed  to  determine  the 
values  of  co  and  6.  The  section  taken  of  a  uniaxial  crystal  has  its  surface 
most  conveniently  parallel  to  the  vertical  axis.  It  is  so  placed  that  the  direc- 
tion normal  to  the  optic  axis  is  horizontal.  The  light  is  here  separated  into 
two  rays,  having  separate  limiting  surfaces,  and  with  a  nicol  prism  it  is  easy 
to  determine  which  of  them  corresponds  to  the  vibrations  parallel  and  perpen- 
dicular, respectively,  to  the  optic  axis. 

Again,  it  is  possible  to  obtain  the  refractive  indices  with  considerable 
accuracy  from  measurements,  in  the  plane  of  the  axes,  of  the  distances  between 
the  black  rings  in  the  interference-figures  as  seen  in  homogeneous  light.  The 
relation  between  these  distances  and  the  optical  "axes  of  elasticity"  was 
established  by  Neumann  (Pogg.  Ann.,  33,  t257, 1834).  Bauer  has  also  developed 
the  same  method  as  applied  to  uniaxial  crystals,  and  employed  it  in  the  case 
of  brucite  (Ber.  Ak.  Berlin,  1877,  704,  and  1881,  958). 

With  the  polarization-microscope  the  most  simple  method  is  that  of  the 
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Dalce  de  ChaulDes,  ezpl&ined  in  Art.  326;  this  requires,  however,  that  the  two 
quantities  measured  shoald  be  determined  with  a  considerable  degree  of 
accuracy,  if  the  result  is  to  be  more  than  an  approximation.  (Cf.  further, 
Roaonbusch,  Mikr.  PhjB.,  p.  155  ei  seq.,  1892.) 

363.  Determination  of  the  Positive  or  Negative  Charaetei. — The  most 
obvious  way  of  determining  the  character  of  the  double  refraction  (e  >  w  or 
&)  >  c)  is  to  measure  the  refractive  indices  in  accorduuce  with  the  principles 
explained  in  the  preceding  articles.  It  is  not  ulways  possible,  however,  to 
obtain  a  prism  suitable  for  this  purpose,  and  in  auy  case  it  is  convenient  to 
have  a  more  simple  method  of  accomplishine;  the  result. 

In  the  case  of  uniaxial  crystals,  the  metliod  which  is  practically  the  most 
simple  is  that  suggested  by  Dove— the  use  of  a  cleavuge  plate  of  muecovite  of 
such  thickness  tb»t  the  two  rays  in  passing  through  suner  a  difference  of  phase 
which  is  equal  Lo  a  quarter  wave-length,  or  an  oilu  multiple  of  this.  It  is  often 
culled  a  quarter-undulation  plate  (see  Art.  322). 

Suppose  that  the  section  of  the  crystal  to  be  examined,  cut  perpendicular 
to  the  axis,  is  brought  between  the  crossed  iiicols  in  the  polariscope;  the  black 
cross  and  the  concentric  colored  rings  are  of  course  visible.  Let  now,  while 
the  given  section  occupies  this  position,  the  mica  phite  be  placed  over  it,  with 
the  plane  of  its  optic  axes  (determined  beforehand,  and  the  direction  marked 
by  a  line  for  convenience)  making  an  angle  of  45°  with  the  vibmtion -planes  of 
the  nicols.  The  interference-figure  is  <  >  -  >  ■  <  >  '■"  ..  .^ 
rings  are  broken  by  two  more  or  less 
distinct  hyperbolic  brushes  which  pass 
through  two  black  spots  near  the  center, 
while  the  rings  in  the  correspondmg 
quadrants  are  pushed  out  from  the 
center,    and    in    the    two    remaining 


mpletely  transformed. 


The  colored 
S30. 


If  now   the    line  joining  the   two 
dark  spots  is  at  right  angles  to  the  anal 

Elane  of  the  mica  (shown  in  the  figures 
y  the  arrow)  the  crystal  under  expenmenl  is  opposite  in  refractive  character 
to  the  mica,  that  is  pomtive  (Fig  529),  if  this  lino  coincides  with  axial  direc- 
tion, the  crystal  is  like  the  mica,  negative  (Fig  530) 

864.  With  llie  micioscope  the  ntiove  melhod  may  niso  be  eniplnve<1  (he  mica  pinte 
usually  id  llie  Torni  or  a  uarrow  slnp  \vb<i»o  iloDgatlnti  U  that  of  the  plutiu  of  llie  oplic 
axi'S.  being  iotroduced  iLrougli  a  slit  In  Ibe  tube  hetwein  the  secliou  ned  the  analvzer 
Here,  however,  the  field  of  view  is  smaller  than  la  the  polart^cope  niiil  ilie  blii<  h  ilois  nre 
not  Always  dlatinclly  observed  tliia  Is  parllcularljr  true  If  tlie  section  be  very  tlihi  or  the 
niitiernl  of  low  blrefriugeace  In  such  easM  a  s«Ientte  plate  la  cnnvcnletillv  eiii|>1nvei1 
This  U  of  siicli  tliickue  a  as  to  ijlve  n  red  of  Uie  first  order  and  llie  direcllon  «f  elniiiriili'>n 
uaiially  cnrreaponda  In  the  axia  a  (Art  878)  Tlie  plate  Is  tuaerted  In  tbi  tube  wlih  iii  iixes 
Inclined  45*  io  the  vlbrai ion-planes  of  the  uicnls.  This  servcB  lo  increase  llie  reianlntioa 
between  the  two  rays  trsTeralDg  the  aeetions  In  two  allernnte  quadrants  and  lo  diminish  iliia 
Id  the  oibers  ;  tlie  effect  beiuj;  sbown  by  ih«  rise  or  full  of  the  Interferenee-colora,  aa  com- 
pared Willi  the  usiihI  acale  (Art.  3S0).  For  example,  two  blue  areas  (second  iirden  may  be 
si-Bu  In  two  opposite  qimdruiits  ami  two  yellow  (first  order)  in  the  olhera  The  blue  arfas 
here  correspond  In  imsition  to  tlie  blacji  dots  in  Pips.  .139  and  530 :  beiice  if  thp  line  jolnlne 
tbem  is  Irausverse  lo  that  of  the  nxia  [a)  of  the  selenite  plate  the  mineral  is  posilive  ;  if  il 
coincides  wiib  It  the  miuuml  is  nci^tiTc. 

366.  Absorption  Phenomena  of  TTniaxial  Crystals.  Diohroism. — In  uniaxial 
crystals  it  has  been  seen  that  there  are  two  distinct  values  for  the  velocity  of 
light  transmitted  by  them,  according  as  the  vihnitions  take  place  parallel  or 
at  right  angles  to  the  vertical  axis.     Similarly  the  cryst.il  may  exert  different 
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degrees  of  absorption  upon  the  rays  transmitted  by  vibrations  in  these  two 
directions.  For  example,  a  transparent  crystal  of  zircon  looked  throngh  in 
the  direction  of  the  vertical  axis  appears  of  a  pinkish-brown  color,  while  in 
a  lateral  direction  the  color  is  asparagus-green.  'J'his  is  because  the  rays 
(extraordinary)  vibrating  parallel  to  tlie  axis  are  absorbed  with  the  exception 
of  those  which  together  give  the  green  color,  and  those  vibrating  laterally 
(ordinary)  are  absorbed  except  those  which  together  appear  pinkish-brown. 

Again,  all  crystals  of  tourmaline  in  the  direction  of  the  vertical  axis  are 
opaque,  since  the  ordinary  my,  vibrating  normal  to  the  axis,  is  absorbed,  while 
light-colored  varieties,  looked  tlirough  laterally,  are  transparent,  for  the  extraor- 
dinary ray,  vibrating  parallel  to  the  axis,  is  not  absorbed ;  the  color  differs  in 
different  varieties.  Thus  all  uniaxial  crystals  may  be  dichroic  or  have  two 
distinct  axial  colors. 

The  absorption-colors  are  most  satisfactorily  investigated  by  examining  a 
section  cut  parallel  to  the  vertical  (optic)  axis  under  the  microscope  provided 
with  a  single  polarizing  nicol.  The  light  that  passes  through  the  section  is 
then  that  corresponding  to  vibrations  coinciding  with  the  known  vibration- 
plane  of  the  nicol,  and  as  the  section  is  rotated  90°,  both  the  two  axial  colors 
are  observed  in  succession.  References  to  some  important  papers  on  this  sub- 
ject are  given  on  p.  219. 

An  iDStrumcut  called  a  dichro»cope,  contrived  by  Hnidinger.  is  sometimes  used  for 
examining  this  property  of  crystals.  Au  oblong  rhombohedron  of  Iceland  spir  has  a  glass 
prism  of  18^  cemented  to  each  extremity.  It  is  pbiced  in  a  metallic  cylindrical  case,  as  in 
the  figure,  having  a  convex  lens  at  one  end.  and  a  square  hole  at  the  other.    On  looking 

631.  632. 


through  it,  the  square  hole  appears  double ;  one  image  belongs  to  the  ordinary  nnd  the 
other  to  the  extruonliimry  my.  When  a  pleochroic  crystal  is  examined  with  it  by  trans- 
mitted light,  on  revolving  it  the  two  squares,  at  intervals  of  00**  in  the  revolution,  have 
different  "colors,  corresponding  to  the  vibration-planes  of  the  ordinary  and  extraordinary 
ray  in  ciilci*e.  Since  the  two  images  are  bituated  side  by  side,  a  very  slight  difference  of 
color  is  perceptible. 

366.  Giroular  Polarization. — The  subject  of  elliptically  polarized  light  and 
circular  polarization  has  already  been  briefly  alluded  to  in  Art.  323.  This 
phenomenon  is  most  distinctly  observed  among  minerals  in  the  case  of  crystals 
belonging  to  tlie  rhombohedral-trapezohedral  group,  that  is,  quartz  and  cinnabar. 

It  has  been  explained  that  a  section  of  an  ordinary  uniaxial  crystal  cut 
normal  to  the  vertical  (optic)  axis  appears  dark  in  parallel  polarized  light  for 
every  position  between  crossed  nicols.  If,  however,  a  similar  section  of  quartz, 
say  i  mm.  in  thickness,  be  examined  under  these  conditions,  it  appears  dark 
in  monochromatic  light  only,  and  that  not  until  the  analyzer  has  been  rotated 
so  that  its  vibration-plane  makes  for  sodium  light  an  angle  of  24**  with  that  of 
the  polarizer.  In  other  words,  this  quartz  section  has  rotated  the  plane  of 
polarization  {Le,,  the  vibration-plane  normal  to  it)  some  24°,  and  here  either 
to  the  right  or  to  the  left,  looking  in  the  direction  of  the  light.  The  amount 
of  this  rotation  increases  with  the  thickness  of  the  section,  and  as  the  wave- 
length of  the  liirht  diminishes  (for  red  this  angle  of  rotation  for  a  section  of 
1  mm.  is  about  19°,  for  blue  32°).    The  direction  of  the  rotation  is  to  the  right 
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or  left,  as  defined  above — according  as  the  crystal  is  crjstallographically  right- 
handed  or  left-handed  (p.  83). 

If  the  same  section  of  quartz  (cut  perpendicular  to  the  axis)  be  viewed 
between  crossed  nicols  in  converging  polarized  light,  it  is  found  that  the  inter- 
ference-figure differs  from  that  of  an  ordinary  uniaxial  crystal.  The  central 
portion  of  the  black  cross  has  disappeared,  and  instead  the  space  within  the 
inner  ring  is  brilliantly  colored.*  Furthermore,  when  the  analyzing  nicol  is 
revolved,  this  color  changes  from  blue  to  yellow  to  red,  and  it  is  found  that  in 
some  cases  this  change  is  produced  by  revolving  the  nicol  to  the  righty  and  in 
other  cases  to  the  left;  the  first  is  true  with  right-handed  crystals,  and  the 
second  with  left-handed.  If  sections  of  a  right-handed  and  left-handed  crystal 
afe  placed  together  in  the  polariscope,  the  center  of  the  interference-figure  is 
occupied  with  a  four-rayed  spiral  curve,  called,  from  the  discoverer,  Airy*s 
spiral.  Twins  of  quartz  crystals  are  not  uncommon,  consisting  of  the  combina- 
tion of  right-  and  left-handed  individuals  (according  to  the  Brazil  law)  which 
show  these  spirals  of  Airy.  With  cinnabar  similar  phenomena  are  observed. 
Twins  of  this  species  also  not  infrequently  show  Airy's  spirals  in  the  polariscope. 

C.  Biaxial  Crystals. 
General  Optical  Relations, 

367.  Principal  Refractive  Indices. — All  crystals  of  the  third  or  anisometric 
class,  that  is,  those  of  the  orthorhombic,  monoclinic,  and  triclinic  systems,  are 
optically  biaxial.  In  tlie  directions  of  the  optic  axes  there  is  a  single  value 
only  for  the  light  velocity,  but  in  other  directions  \  a  light-ray  is  separated  into 
two  rays  propagated  with  different  velocities ;  that  is,  it  suffers  double 
refraction. 

The  study  of  biaxial  crystals  shows  that  there  are  two  directions  within 
them  at  right  angles  to  each  other,  corresponding  to  which,  as  vibration -axes, 
the  refractive  indices  have  respectively  a  minimum  (a)  and  a  maximum  value 
(y)  for  the  given  substance.  Further,  in  a  third  direction  at  right  angles  to 
each  of  those  just  named,  the  refractive  index  has  a  certain  intermediate  value, 
related  to  the  others  by  a  simple  mathematical  law.  These  three  rectangular 
directions,  or  ether-axes,  are  properly  axes  of  vibration,  and  the  three  corre- 
sponding refractive  indices  determine  the  rate  of  this  transverse  vibration  and 
hence  the  velocity  of  the  light-ray  which  corresponds  to  each  of  them.    The 

values  of  the  velocities  are  respectively  proportional  to  -,  -x,  -. 

The  indices  a,  fi,  y  are  called  the  principal  refractive  indtces  for  the  given 
substance.     The  mean  refractive  power  is  given  by  their  arithmetical  mean, 

viz.,  —    o         '    Further,  the  difference  between  the  greatest  and  least  index, 

y  —  a,  measures  the  birefringence  or  strength  of  the  double  refraction. 

368.  Optical  Strnctare  of  Biaxial  Crystals. — It  is  found  further  that  the 
optical  structure  of  a  biaxial  crystal  can  be  represented  by  an  ellipsoid  having 
as  its  axes  the  three  lines  mentioned  in  the  preceding  article  which  are  at  right 
angles  to  each  other  and  proportional  in  length  to  the  indices  a,  /S,  y.  This 
indeed  would  be  inferred  (following  Fresnel)  from  the  analogy  of  uniaxial 
crystals.     The  position  of  the  axes  named,  or,  in  other  words,  the  symmetry  of 

*  Very  tbin  sections  of  quartz,  however,  show  {e.g.^  with  the  microscope)  the  dark  cro^s 
of  an  ordinarv  uniaxial  crystal. 

t  On  the  uistiiictiou  between  the  primary  and  the  secondary  optic  axes,  see  Ait.  871 
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this  ellipsoid,  is  sncli  as  to  correspond  to  tlie  general  crystallogrsphic  symmetry 
of  the  crystal.  For  example,  to  repent  the  stutemeiit  iilready  made  (Art.  348t, 
in  the  orthorhombic  system  the  axes  of  this  ellipsoid  coincide  io  direction  with 
the  crystal lognipliic  axes.  In  tho  moHodinic  system,  one  of  them  coincides 
with  the  axis  of  crystal lographic  aymnietry  (J),  the  other  two  lie  in  the  plMie 
of  symmetry,  that  is,  in  the  plane  of  the  ciyscal lographic  axes  a  and  i.  In  the 
Iric/iitic  system  there  is  no  iiecesanry  connection  between  the  position  of  the 
ether-axes  and  tho  cry  stall  ©graphic  axes. 

369.  Indioatrix. — It  may  be  shown,  as  is  done  by  Fletcher,  that  the  ellipsoid 
mentioned,  whose  axes  repre- 
sent in  magnitude  the  tnre» 
principal  refractive  indices, 
a,  /S,  Y  (where  a  <  (i  <  y)^ 
not  only  exhibits  the  charac- 
ter of  the  oj)tical  symmetry, 
bnt  also  serves  to  represent 
the    direction,   velocity    and 

Elane  of  polarization  of  a 
ght-ray  in  any  direction 
whatever,  precisely  analogons 
,  to  the  spheroid  mentioned  on 
p.  I9«.  See  Fig.  533  (from 
Groth),  also  Figs.  518,  519. 
That  is,  for  the  two  rays 
having  any  direction,  as  Or 
in  the  plane  of  the  axes  AA, 
VC  (Fig.  534),  the  velocities 

will  he  proportional  to  ^^ 

1  jTa  \—  aj  respectively,  and  the  planes  of  polarisatioQ  will  be  perpen- 
dicular to  these  lines.  From  the  equation  of  this  index-ellipsoid,  called  bj 
Fletcher  the  indicatrix  (see  Art.  36ft),  it  is  possible,  as  shown  by  the  antbor 
named,  to  deduce  by  ordinary  analytical  methods  the  mathematical  expressiOD 
for  the  wave-surface,  the  position  of  the  two  sets  of  optic  axes  (later 
explained),  etc. 

One  important  relation  appears  at  once  from  a  first  study  of  this 
ellipsoid.  Obviously  for  two  definite  positions  of  transverse  planes  passing 
through  the  center  (SS,  S'-S',  Fig.  533),  these  positions  depending  upon  t)ie 
relative  vjihies  of  a  and  y,  the  cross-sect iona  will  be  cirdts  each  having  a 
radius  eqnul  to  the  index  0,  intermediate  in  value  between  a  and  y,  similarly 
all  sections  parallel  to  these  are  also  circles.  Hence,  light  propagated  in  a 
direction  normal  to  these  planes,  thjit  is,  by  vibrations  lying  in  them,  will 
siiifer  no  double  refraction — and  after  the  analogy  of  nniaxial  crystals  these 
directions  are  called  opHc  ajri-s;  tliev  are  tho  primiiri/  u/i/ic  axen  mentioned  in 
Art.  371. 

370.  WaTe-Burface. — Following  out  the  analogy  of  uniaxial  crystals, 
Fresnel  deduced  the  now  generally  accepted  "wave-surface"  for  hiaxiat 
crystals.  That  it  gives  correctly  the  law  of  the  varying  refractive  indices  (that 
is,  of  varying  liglit-velocity)  in  a  biaxial  crystal  has  been  demonstrated  by 
the  agreement  between  the  requirements  of  the  theory  and  the  resnlts  ot 
experiment. 

The  form  of  the  sections  of  this  wave-surface  with  the  three  rectangular 
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axial  planes  are  easily  deduced  by  very  elementary  considerations,  though  the 
full  analytical  development  is  most  satisfactorily  derived  from  the  equation  of 
the  indicatrix  as  shown  by  Fletcher. 

First  consider  the  section  of  the  veave-surface  for  the  transverse  plane  of 
the  axes  AB  (Fig.  533).  Light  passing  in  the  direction  of  the  axis  AA  veill 
be  separated  into  two  rays;  for  one  of  these  the  line  of  transverse  vibration 
will  correspond  to  the  axis  CC,  and  hence  its  rate,  or,  in  other  words,  the 

velocity  of  the  ray  itself,  will  be  proportional  to  -.  For  the  second,  the  direc- 
tion of  transverse  vibration  will  be  that  of  the  axis  BB,  and  its  rate,  that  is, 
the  velocity  of  the  ray  itself,  veill  be  proportional  to  — .     Let  these  values  be 

represented  in  Fig.  535  by  Oc'  ( =  -)  and  Ob  f  =  ^J.     Again,  in  the  direction 

of  the  axis  BBy  there  will  be  two  rays  whose 
Tibration-directions  are  respectively  parallel  to 
the  axes  A  A  and  CO,  and  their  velocities  in 

the  direction  of  BB  proportional  to  —  and  — 

respectively.  Let  these  be  represented  by  Oa 
and  Oc,  For  some  other  direction  in  the  same 
plane,  there  will  be  two  rays,  one  of  whose 
vibration-directions  corresponds  to  CO,  and  its 

velocity  to  -,  represented  in  Fig.  533  by  Oc'\ 

while  for  the  other  there  will  be  an  intermediate 

vibration-direction  and  a  velocity  between  —  and 

— ,  and  it  can  be  shown  (after  the  analogy  of 

uniaxial  crystals  and  as  proved  by  experiment) 

that  this  value  is  given  by  the  line  Or  in  the  ellipse  whose  major  and  minor 

axes  (Oa  and  Ob)  are  —  and  -.     Hence  the  circle  cc'  represents  the  section  of 

the  wave-surface  for  the  rays  in  the  given  plane,  whose  vibration-direction 

corresponds  to  the  axis  CC,  and  the  velocity  to  the  constant  value  -.    While 


the 


for  other  rays  the  vibration-directions  change  from  A  A  to  BB,  and  the  velocity 

from  -  to  -5-. 
a       p 

The  ray  propagated  by  vibrations  in  the  direction  of  the  axis  00,  which 
has  the  constant  velocity  -,  that  is,  the  ray  whose  wave-front  in  this  cross- 
section  is  a  circle,  is  called  the  ordinary  ray,  since  on  refraction  it  remains  in 
the  plane  of  incidence.    The  other  ray,  whose  velocity  varies  with  the  direction 

from  -  to  -5,  is  called  the  extraordinary  ray. 

Again,  take  the  plane  of  the  axes  BO  (Fig.  533).  Whether  the  direction 
of  the  light  be  that  of  B  or  of  0,  or  any  intermediate  line  in  the  same  plane, 
there  will  be  in  each  position  one  ray  whose  vibration-direction  is  that  of  the 
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axis  A,  and  whose  velocity  is  hence  expressed  by  —■  for  it  the  section  of  the 
irave-snrface  will  be  a  circle.  For  the  other  ray,  if  parallel  to  B,  the  vihrtttion- 
directioQ  will  be  that  of  the  axis  C,  and  its  velocity  is  represented  by  -.  If 
it  is  parallel  to  C,  its  vibration-direction  is  that  of  B,  and  its  velocity  is  given  by 
-=.  As  in  the  other  case,  intermediate  values  will  be  given  by  the  ellipae 
&3fi.  637. 


for  its  major  and  minor  axes.    The  combined  section  of  the 

wave-surface  is  shown  in  Fig.  536,    Here  also,  the  ray  with  the  constant  velocity 

-  is  called  the  ordinary  ray;  the  other  is  the  extraordinary  ray. 

For  the  third  plane,  that  of  the  axea 
A  C,  one  ray  will  always  have  as  ItB 
vibration -direction  that  of  the  axis  B, 
and  its  velocity  will  hence  be  expressed 

by  --5-.  For  the  other  ray,  if  parallel  to 
A,  the  vibration -direction  is  that  of  C, 
and  the  velocity  is  expressed  by  -.  If 
parallel  to  C,  the  vibration -direction  is 
that  of  .1  and  the  velocity  — ,  and  simi- 
larly for  intermediate  positions.  The 
section  of  the  wnve-snrfuce  ronstrncted 
from    these    values    is    given    in    Fig. 


537.    Here  the  circle  [radins  = 


I  cnta 


Figs.   535,  536,  and   537, 


the   ellipse   at    the   points    I'P,  P'P'. 
The   complete  wave-surface,    of  which 
the   three   asial   sections  are   given  in 
be  constructed,  but  it  is  not  easy  to  form  a 
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seen  that  the  circle  with  radius  Oh 


complete  knowledge  of  the  form  without  having  a  model  in  hand.  Some  idea 
of  it  may  be  gathered  from  Fig.  538. 

371.  Primary  and  Secondary  Optic  Axes.— It  has  already  been  briefly 
stated  (Art.  367)  that  there  are  two  directions,  namely,  those  normal  to  the 
/circular  cross-sections  of  the  indicatrix  (SS,  S'S\  Fig.  533)  in  which  the  light 

is  propagated  by  transverse  vibrations  of  like  rate  [ -j.  Hence  in  these  direc- 
tions in  a  crystal  there  is  no  double  refraction  within  the  crystal;  nor  is  there 
when  the  ray  emerges.  These  two  directions  bear  so  close  an  analogy  to  the 
optic  axes  of  a  uniaxial  crystal  that  they  are  also  called  optic  axea,  and  the 
crystals  here  considered  are  hence  named  biaxial.  In  Fig.  537,  these  optic 
axes  have  the  direction  SS,  S'S'  normal  to  the  tangent  planes-  //,  t'i',  and 
the  direction  of  the  external  wave  is  given  by  the  normal  So-  (Fig.  539). 

Properly  speaking  the  directions  mentioned  are  those  of  the  primary  optic 
axes,  for  there  are  also  two  other  somewhat  analogous  directions,  FP^ 
P'P'y  of  Fig.  537,  called  for  sake  of  distinction  the  secondary  optic  axes. 
The  properties  of  the  latter  directions  are  539^ 

obvious  from  the  following  considerations. 

In  the  section  of  the  wave-surface  shown 
iff  Fig.  537  (also  enlarged,  in  Fig.  539), 
corresponding  to  the  axial  plane  AC,  it  is 

intersects  the  ellipse  whose  major  and  minor 

axes  are  Oa  f  =  -J  and  Oc  f  =  -J  in  the  four 

points  P,P^  P\P\  Corresponding  to  these 
directions  the  velocity  of  propagation  is  obvi- 
ously the  same  for  both  rays.  Hence  within 
the  crystal  these  rays  travel  together  without 
double  refraction.  Since,  however,  there  is 
no  common  wave-front  for  these  two  rays 
(for  the  tangent  for  one  ray  is  represented  by 
mm  and  for  the  other  by  nw,  Fig.  539)  they 
do  suffer  donljle  refraction  on  emerging;  in  fact,  two  external  light-waves  are 
formed  whose  directions  are  given  by  the  normals  Pfx  and  Pv,  1'hese 
directions,  PP,  P*P\  therefore  have  a  relatively  minor  interest,  and  whenever, 
in  the  pages  following,  optic  axes  are  spoken  of,  they  are  always  the  primary 
optic  axes,  that  is,  those  having  the  directions  SS,  S'S'  (Fig.  537),  or  OS, 
Fig.  539.*  In  practice,  however,  as  remarked  in  the  next  article,  the  angular 
variation  between  the  two  sets  of  axes  is  usually  very  small,  perhaps  1° 
or  less. 

878.  Interior  and  Exterior  Conical  Refraction.— Tlie  ttmgent  p]nne  to  tbe  wave-surfnce 
drawn  normal  to  iIk*  line  05thioii^h  the  point  ^'(Fig  589)  mny  be  shown  to  meet  it  in  a 
small  circle  on  wh^se  oircumfeR-nce  lie  the  points  ^nnd  T.  Tbis  circle  is  tbe  bnse  of  the 
interior  cone  of  rays  SOI ,  whose  remnrkable  properties  will  he  briefly  hinted  nt.  If  a 
section  of  a  biaxial  crystal  be  cut  with  its  faces  normal  to  08.  those  parallel  rays  belonging 
to  a  cylinder  having  tliis  circle  us  its  ba.se,  incident  upon  it  from  without,  will  be  propagated 
within  as  the  cone  802\  Conversely,  rays  from  within  corresponding  in  position  to  the 
surface  of  this  cone  will  emcrire  parallel  and  form  a  circular  cylinder.  Tbis  phenomenon 
is  called  interior  conical  refraction. 


*  Fletcher  calls  the  primary  axes  binonnals,  the  secondary  axes  biradiaU, 
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On  the  other  hand,  if  a  section  be  cut  with  its  faces  normal  to  OP,  those  rays  having 
the  directiou  of  the  surface  of  a  cone  formed  by  perpendiculars  to  mm  and  nn  will  be 
propagated  within  parallel  to  OP,  and  emerging  on  the  other  surface  form  without  a  similar 
cone  on  the  other  side.    This  phenomenon  is  culled  exterior  conical  refraction. 

In  the  various  tigures  given  (5«i»-589)  the  relations  are  much  exagirerated  for  the  sake 
of  clearness;  in  practice  the  relatively  small  difference  between  the  indices  of  refraclioa 
a  and  y  makes  this  cone  of  small  angular  Mze,  raiely  over  2*.  For  example,  with  sulphur, 
which  hiis  very  strong  double  refraction  (^  —  a  =  0'29  ;  compare  the  values  given  in  Art. 
859  and  Art.  388),  the  values  of  a,  (S,  y  for  yellow  sodium  light  were  measured  by 
8chrauf  as  follows : 

a  =  1-96047.  fi  =  2  03832.  y  =  2-24052. 

373.  Axes  of  Elasticity. — As  intimated  in  Art.  368,  Fresnel  appears  to  have 
deduced  this  wave-surface  of  biaxial  crystals,  as  it  is  here  called  following 
him,  by  a  generalization  from  that  accepted  for  the  more  simple  uniaxiiS 
crystals.  The  explanation  of  the  observed  phenomena,  attempted  by  him,  was 
based  upon  the  assumption  that  the  varying  velocity  of  light  shown  by  the 
varying  values  of  the  refractive  indices  depended  upon  the  variable  elasticity 
of  the  ether  within  the  crystal.  Since,  as  stated  on  p.  160,  it  seems  better  not 
to  insist  upon  this  hypothesis  and  since,  further,  it  is  possible  to  describe  all 
the  phenomena  without  attempting  to  explain  the  properties  of  the  ether 
upon  which  the  ultimate  values  of  the  pulses  depend  which  manifest  them- 
selves as  light-waves,  all  mention  of  elasticity  has  been  thus  far  avoided. 

These  "axes  of  elasticity"  are  of  great  con- 

*^-  venience  in  describing  tne  optical  properties 

of  crystals,  and  it  is  hence  necessary  to  make 

frequent  use  of  them.     They  are  uniformly 

represented    by    the    letters    o,   b,  c,   where 

0  >  b  >  c  as  shown  in  Fig.  540,  and  where 

111 
^     further  it  is  true  that  0  :  b  :  c  =  —  :  ir  s  — , 

a      fi       y 

^9  1^9  y  being  the  three  principal  refractive 
indices  (a  <  /H  <  y).  The  three  axes  as  given 
in  Fig.  540  then  have  the  direction  of  the 
three  ellipsoidal  axes  (Fig.  533) ;  the  maximum 
value  of  the  elasticity,  a,  corresponds  to  the 
minimum  value  of  the  observed  refractive  index  a,  and  this  in  turn  cor- 
responds to  the  maximum  velocity  of  a  ray  propagated  perpendicular  to  the 
plane  of  the  axes  a  and  b  by  vibrations  having  a  direction  parallel  to  this 
axis  a;  similarly  for  the  axes  b  and  c. 

Whenever  in  this  work  the  axes  a,  b,  c,  which  may  be  simply  called  the 
ether-azes,  are  spoken  of  in  describing  the  optical  characters  of  crystals,  it 
is  to  be  understood  that  they  have  the  directions  indicated,  corresponding 
respectively,  as  just  explained,  to  the  ellipsoidal  axes;  moreover,  their  relative 
magnitude  is  expressed  as  follows:  o  >  b  >  c. 

374.  Bisectrices,  or  Mean- lines. — As  shown  in  Art.  371,  the  ontic  axes 
always  lie  in  the  plane  of  the  axes  a,  y  of  the  indicatrix  (that  is,  of  the  ether- 
axes  a  and  c);  this  is  called  the  optic  axial  plane  (or  briefly,  ax,  pi,).  The 
value  of  the  optic  axial  angle  is  known  when  the  values  of  the  refractive 
indices,  a,  /?,  y,  are  given,  as  stated  in  the  next  article.  That  axis  (cf.  Fifij. 
539,  also  Figs.  541,  542)  which  bisects  the  acute  angle  of  the  optic  axes  is 
called  the  acute  bisectrix,  or  first  menji-line,  and  that  bisecting  the  obtuse 
angle  is  the  obtuse  bisectrix,  or  second  menn-line. 

The  acute  bisectrix  is  often  represented  by  Bx^,  the  obtuse  bisectrix  by  Bx^ 
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If  the  word  bisectrix  is  used  alone  without  special  qualification  it  is  always  to 
be  understood  as  referring  to  the  acute  bisectrix. 

375.  Belation  of  the  Axial  Angle  to  the  Kefiraotive  Indices. — If  in  a  given 
case  the  valines  of  a^  fiy  and  y  are  known,  the  value  of  the  interior  optic  axial 
angle  (2  V)  can  be  calculated  from  them  by  the  following  formulas: 


co8«r=  - 


1^ 


a' 


or   tan*  V  = 


a' 


J^ 
(^ 


J^ 
(^ 


876.  Positive  and  Negative  Crystals.— Biaxial  crystals  are  distinguished  aa 
optically  positive  (+)  or  negative  (— )  after  a  manner  analogous  to  the  usage 
with  uniaxial  crystals.  Referring  to  Fig.  533  of  the  ellipsoid,  and  also  to  Fig. 
539,  it  will  be  obvious  at  once  that  for  certain  relative  values  of  the  indices, 
a,  P,  Yi  ^^^  interior  optic  axial  angle  must  be  90"^.     In  other  words^  in  this 


642. 


Positive  Crystal,  Bxa  =  c. 


Negative  Crystal,  Bva  =  a. 


case  the  planes  of  the  optic  axes  will  be  equally  inclined  to  tlie  two  planes  of 
the  ether  axes.  Such  a  case,  however,  is  rare  in  practice,  and  when  it  occurs 
it  is  true  for  light  of  a  certain  color*  (wave-length)  only,  and  not  for  others. 


•For  danburite  2F=  89"  14'  for  green  (ihalliuiii)  aud  90"  14'  for  blue  (CuSO«). 


.  _■■  _     I 
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Roaghly  expressed,'*'  the  optic  axes  will  lie  nearer  to  c  than  to  a — that  is^ 
c  will  be  the  bisectrix — when  tne  value  of  the  intermediate  index,  fi,  is  nearer 
that  of  a  than  to  that  of  y,  Sach  a  crystal,  for  which  Bx^  =  c,  is  called  optically 
positive.  It  is  obvious  (cf.  Fig.  541)  that  in  this  case,  as  the  angle  diminishes 
and  becomes  nearly  equal  to  zero,  the  form  of  the  ellipsoid  then  approaches 
that  of  the  prolate  spheroid  of  the  positive  uniaxial  crystal  as  its  limit  (Fig. 
521,  p.  195);  this  shows  the  appropriateness  of  the  +  sign  here  used. 

On  the  other  hand,  the  optic  axes  will  lie  nearer  to  a  than  to  c — that  is,  a  will 
be  the  bisectrix — if  the  value  of  the  mean  index  ft  is  nearerf  to  that  of  y  than 
to  that  of  a.  Such  a  crystal,  for  which  BXa  =  a,  is  called  opticalh/  negative. 
It  is  seen  that  in  this  case  (Fig.  542)  the  smaller  the  angle  the  more  the 
ellipsoid  approaches  the  oblate  spheroid  of  the   negative   uniaxial  crystal 


(Fiff.  520,  p.  195). 
The  followinff 


ig    are   a  few    examples  of  positive    and  negative  biaxial 
crystals : 

Positive  (-!-).  Negative  (-). 

Sulphur.  Aragonite. 

Enstatite.  Hypersthene. 

Topaz.  Muscovite. 

Barite.  Orthoclase. 

Chrysolite.  Epidote. 

Albite.  Axinite. 

877.  Dispersion  of  the  Bisectrices. — In  certain  cases  the  ether-axes  of  Fig. 
533  may  have  different  positions  in  the  crystal  for  different  colors;  that  is,  for 
different  wave-lengths.  This  is  true  of  the  two  axes  which  lie  in  the  plane  of 
symmetry  of  a  monoclinic  crystal,  and  of  all  the  three  axes  in  a  triclinic 
crystal.  This  results  in  a  phenomenon  which  is  often  called  the  dispersion  of 
the  hisectriceSy  and  which,  if  pronounced,  is  always  manifest  in  the  axial 
interference-figures,  as  explained  beyond. 

378.  Dispersion  of  the  Optic  Axes.— Further,  since  the  three  refractive 
indices  may  have  different  values  for  the  different  colors,  and  as  the  angle  of 
the  optic  axes  is  determined  by  these  three  values  (Art.  375),  the  axial  angle 
muy  also  vary  in  a  corresponding  manner. 

This  variation  in  the  value  of  the  axial  angle  for  light  of  different  wave- 
lengths is  called  the  dispersion  of  the  optic  axes,  and  the  two  extreme  cases 
are  distinguished  by  writing  p  >  i^  when  the  angle  for  the  red  rays  (p)  is 
greater  than  for  the  blue  (violet,  v),  and  p  <  v  when  the  revise  is  true. 
These  cases  are  illustrated  later. 

Examination  of  Biaxial  Crystals  in  Polarized  Light, 

379.  Sections  in  Parallel  Polarized  Light.  Extinction-angle.— A  section  of 
a  biaxial  crystal  appears  dark  between  crossed  nicols  when  its  vibration-planes 
coincide  with  the  vibration -planes  of  the  nicols.     In  any  other  position  of  the 

*  tan  K  =  45"  aud  2  V  =  90  for  a  value  of  p  given  by  the  e<iuation 

a'       fi^  "ft*       y-' 

\  To  compare  Figs.  542  and  520,  the  liorizontil  axis  of  tlie  former  should  be  placed  in  a 
vertical  position;  that  is.  the  axis  AA  of  Fig.  620  corresponds  to  c  of  Fig.  542. 
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section  i^.  appears  light  and  may  show  the  usnal  bright  interference-color. 

Hence  the  use  of  the  polariscope,  or  polariza- 
tion-microscope^  by  the  method  of  extinction, 
gives  a  quick  means  of  determining  the  position 
of  these  vibration -planes  in  a  given  case. 

For  example,  in  Fig.  543,  repeated  from 
p.  177,  let  the  two  larger  rectangular  arrows 
represent  the  vibration-directions  for  the  two 
nicols,  and  between  the  two  prisms  suppose  a 
section  of  a  biaxial  crystal,  (toed,  to  be  placed 
so  that  one  edge  of  a  known  crystallographic 
plane  coincides  with  the  direction  of  one  of 
these  lines.  The  field  of  the  microscope, 
dark  before,  since  the  prisms  were  crossed,  is 
no  longer  so,  and  becomes  dark  a^ain,  as 
explained,  only  when  the  crystal  is  revolved  so  that  its  vibration-directions 
(the  smaller  dotted  arrows)  coincide  with  those  of  the  nicols,  as  is  indicated 
by  the  maximum  extinction  of  the  light.  The  crystal  has  then  the  position 
ivb'c'd'.  The  angle  (indicated  in  the  figure)  which  it  has  been  necessary  to 
revolve  the  plate  to  obtain  the  effect  described,  is  the  angle  which  one  of 
the  vibration-directions  in  the  given  plate  makes  with  the  given  crystallo- 
graphic edge  ad\  it  is  often  called  the  extinction-angle. 

When  the  vibration-planes  of  a  crystal-section  coincide  in  direction  with 
the  phmes  of  its  crystallographic  axes,  the  extinction  is  said  to  be  'parallel ;  if 
not,  it  is  called  ohliqve  or  inclined.  On  the  practical  determination  of  the 
extinction-directions  see  Arts.  380  and  S89. 

380.  Determination  of  the  Extinction-direotions  with  the  Microsoope.— In 
the  use  of  the  microscope,  in  cases  to  which  the  method  of  the  stauroscope  is 
not  applicable,  instead  of  depending  upon  the  somewhat  uncertain  estimate  of 
the  point  of  maximum  light-extinction,  a  convenient  way  is  to  employ  a  plate 
of  quartz,  which  for  a  certain  position  of  the  analyzer  gives  the  field  a  tint  of 
color  (a  purplish  pink),  to  sligrit  changes  in  which  the  eye  is  very  sensitive. 
When  the  section  is  revolved  on  the  stage  till  it  has  precisely  the  same  tint  as 
the  surrounding  field,  its  vibration-planes  are  those  of  the  cross-hairs  in  the 
eyepiece  (supposing  the  lower  nicol  has  the  normal  position),  and  from  the 
graa nation  of  the  stage  their  position  in  the  section  can  be  at  once  determined. 

Instead  of  the  quartz,  a  plate  of  selenite  (Art.  364)  of  such  a  thickness  as 
to  give  the  red  of  the  first  order  is  often  employed,  tne  nicols  being  crossed. 
When  tkis  plate  is  inserted  as  usual,  the  crystal-section  can  have  the  same 
color  only  on  condition  that  its  vibration-directions  coincide  with  thos^  of  the 
nicols;  hence  their  crystallographic  orientation  in  the  section  is  readily  deter- 
mined and  with  considerable  accuracy. 

A  stin  more  delicate  method  iuvolves  the  use  of  the  Bertrand  ocular.  This  has  four 
sectors  of  quartz  cut  x  h  :  two  of  these,  diagonally  opposite,  are  from  a  right- handed,  the 
other  pair  from  a  left-handed  crystal.  When  the  diameters  in  which  the  sectors  meet  coin- 
cide with  the  vibration-directions  of  the  two  crossed  nicols,  the  two  pairs  of  quadrants  bave 
precisely  the  same  color ;  any  change  of  position,  however,  of  the  upper  nicol  causes  them 
to  assume  tints  complementary  to  each  other. 

Assuming  now  tlie  nicols  to  be  crossed  and  in  the  normal  position,  if  a  section  of  a  doubly 
refracting  mineral  be  introduced  on  the  stage  of  the  microscope,  the  quadrants  in  general 
take  unlike  tints  and  are  brought  to  the  same  color  as  before  only  when  by  the  revolution 
of  the  stage  the  vibration-directions  of  the  section  are  made  to  correspond  precisely  to  those 
of  the  crossed  uicols,  that  is,  of  the  diameters  of  the  ocular.  The  adjustment  can  be  made 
iu  this  case  with  great  accuracy. 

381.  Kelation  of  the  Vibration-directions  to  the  Ether-axes. — In  the  most 
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general  case,  for  any  section  whatever,  the  relation  between  the  vibration* 
plaues  and  the  ether-axes  is  highly  complex.'*'  A  common  special  case  is 
where  the  section  is  parallel  to  one  of  the  ether-axes;  this  then  fixes  one 
vibration-plane,  and  the  other  will  obviously  be  at  right  angles  to  it.  A  still 
more  special  case  is  that  of  a  section  parallel  to  the  plane  of  two  of  the  ether- 
axes;  these  axes  then  at  once  fix  the  directions  of  light- vibration  and  conversely; 
or,  in  other  words,  these  directions  being  determined  by  observation,  the  posi- 
tion of  the  axes  in  the  crystal  section  is  known  from  them. 

The  practical  application  of  the  above  relations  depends  upon  the  crystallo- 
graphic  orientation  of  tlie  ether-axes,  and  is  spoken  of  later  under  the  different 
systems. 

382.  Color  of  a  Section  in  Parallel  Polarized  Light.— The  interference-color 
of  the  section  under  examination  depends,  as  before  explained,  upon  its  thick- 
ness and  upon  the  birefringence;  the  latter  varies  with  the  orientation  of  the 
section,  but  is  a  maximum  (equal  to  y  —  a)  if  the  section  is  cut  parallel  to  the 
axes  a  and  c,  that  is,  parallel  to  the  plane  of  the  optic  axes.  In  any  case  for  a 
given  thickness  the  interference-color  will  depend  upon  tiie  difference  between 
the  refractive  powers  of  the  two  vibration-directions.  For  sake  of  illustration, 
the  following  table  is  added  (from  Hosenbusch)  giving  the  thickness  of  section 
for  a  few  biaxial  crystals  which  yield  red  of  the  first  order,  with  also  their 
maximum  birefringence  {y  —  a), 

BirefriiigeDce  Thickness  ia 

ly  —  a),  millimeters. 

Brookite 0-158  0-00349 

Muscovite 0042  0-01312 

Epidote 0-037  0-01490 

Augite 0-022  0-02505 

Gypsum 0-010  0-05510 

Orthoclase 0-008  0-06887 

Zoisite 0-006  0-09183 

Further,  U  mnv  be  noted  tlint  with  a  section  of  epidote  |6  (010),  while  ii  thickness  of 
about  001 5  mm.  gives  red  of  the  first  order,  one  of  0  028  gives  red  of  the  second  order, 
and  of  0042  red  of  the  third  order. 

383.  Determination  of  the  Birefringence  with  the  Microscope.— The  value 
of  the  maximum  birefringence  {y  —  a)  is  obviously  given  at  once  when  the 
refractive  indices  are  known.  It  cau  be  approximately  estimated  for  a  section 
of  proper  orientation  and  of  measured  thickness  by  the  comparison  of  the 
interference-color  with  the  table  referred  to  in  Art.  320,  p.  178.  This  is  on 
the  assumption  that  the  thickness  is  such  as  to  yield  a  tint  of  readily  recog- 
nized ymsition  in  the  interference-scale.  To  which  order  a  given  interference- 
color  belongs  can  be  readily  determined  by  the  compensation  method  involving 
the  use  of  the  quartz-wedge  or  the  mica-wedge  of  Fedorow  (Art.  384). 

*  Tlie  varijilion  in  directions  of  extinction  witli  chjincje  of  the  orientation  of  the  sectioii 
under  examination  is  chiefly  interesting  in  the  microscopic  study  of  rock-sections.  It  is 
minutely  discnssetl  in  the  Minenmx  des  Roches  of  M.  Levy  and  Lncroix.  The  s«me  sub- 
ject has  nlao  heen  exluinstivcly  treated  in  the  case  of  the  plagioclase  fehiopars  by  M.  Levy 
in  a  work  in  two  parts  entitled  **  fttude  sur  la  determination  dea  Peldspaths  dans  lea  plaques 
minces"  (Paris,  1894,  1896).  Cf.  also  Fedorow,  Z%.  Kryst.,'22/S48,  1893 ;  27,  887,  1896; 
29.  6()4.  1898;  also  Viola,  Min.  petr.  Miith..  16,  481,  1895. 
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More  accurate  measurements  of  the  birefringence  can  be  made  by  other 
methods,  as  with  the  quartz-comparator  of  M.  Levy.* 

384.  Determination  cf  the  Eclative  Eefractive  Power. — The  relative  refrac- 
tive power  of  the  two  vibration-directions  in  a  thin  section  is  readily  deter- 
mined with  the  microscopo  (in  parallel  polarized  light)  by  the  method  of  com- 
pensation. This  is  applicable  to  any  section,  whatever  its  oirientation  and 
whether  uniaxial  or  biaxial.  Practically,  however,  it  is  chiefly  employed  when 
the  section  is  parallel  to  the  plane  of  two  of  the  ether-axes;  it  then  serves  to 
determine  the  relative  magnitude  of  these  axes.  If  the  position  of  either  bisec- 
trix in  the  section  is  known,  it  also  serves  to  determine  whether  the  crystal  is 
optically  positive  or  negative.  In  practice  a  mica-plate  or  sclenite-plate  may  be 
used  with  vei*y  thin  sections;  or  witli  thicker  ones  a  quartz-wedge  or  the  excellent 
mica-wedge  of  Fedorow.f  The  section  under  examination  must  be  placed  so 
that  its  vibration-directions  make  an  angle  of  45°  with  those  of  the  crossed 
nicols;  the  i-undulation  mica  or  selenito-plate  is  then  inserted.  The  change 
in  the  interference-colors  is  noted,  and  again  after  the  stage  has  been  revolved 
90"".  In  the  case  where  the  effect  of  the  compensating  plate  is  to  raise  the 
interference-color  in  the  scale  the  retardation  of  the  section  is  added  to  that  of 
the  plate;  for  this  position  the  plate  and  section  are  then  alike  in  optical 
character.  In  the  case  of  a  fall  of  color  the  plate  diminishes  the  retardation  due 
to  the  section ;  obviously  for  this  position  they  are  opposed  in  optical  character. 

For  tliicker  sections  placed  in  position  as  before  with  vibration-directions  in- 
clined 45°  to  those  of  the  crossed  nicols,  the  quartz-wedge  or  mica-wedge  is 
employed.  This  is  advanced  across  the  field  until  a  thickness  is  reached  which 
serves  to  make  the  given  section,  previously  colored,  dark,  that  is,  to  bring  it 
sensibly  to  extinction.  The  optical  character  of  the  plate  and  section  are 
now  opposed,  and  in  fact  just  balanced  against  each  other.  By  observing  the 
position  of  the  section  the  relative  value  of  the  refractive  power  is  given. 

A  crystal-section  is  said  to  have  positive  elongation  if  its  direction  of  ex- 
tension a[)proximately  coincides  with  the  ether-axis  c  ;  if  with  a  the  elongation 
is  negative.  The  same  terms  are  also  used  in  general,  according  to  the  relative 
refractive  powei*  of  the  two  directions. 

385.  Determination  of  the  Refractive  Indices. — The  values  of  the  three 
refractive  indices,  a,  //,  y,  for  biaxial  crystals,  may  be  determined  from  three 
prisms  cut  with  their  refracting  edges  parallel  respectively  to  the  three  axes, 
a,  b,  and  c,  corresponding  to  the  indices  a,  >5,  y^  respectively.     See  Art.  304. 

It  is  possible,  however,  to  obtain  the  values  of  a^  /^,  and  y  by  the  use  of 
two  prisms;  in  this  case  one  of  the  prisms  must  be  so  made  that  its  vertical 
edge  is  parallel  to  one  axis,  while  the  line  bisecting  its  refracting  angle  at  this 
edge  is  parallel  to  a  second.  In  the  case  of  such  a  j)rism  the  angle  of  minimum 
deviation  is  obtained  for  both  rays,  that  having  its  vibrations  parallel  to  the 
prism-edge,  and  that  vibrating  at  right  angles  to  this,  that  is,  parallel  to  the 
line  bisecting  the  prismatic  angle. 

Of  the  three  indices  the  mean  index,  /^,  is  one  which  it  is  most  important 
to  determine,  since  by  means  of  it,  in  accordance  with  the  formulas  in  Art. 
389,  the  true  value  of  the  axial  angle  can  be  calculated  from  its  apparent  value 

•See  M.  Levy.  Bull.  Soc.  Min..  6.  143.  1888;  also  Levy-Lacroix.  Min.  Rocbes.  p.  54 
etseq  :  Rosenbuscb.  Mikr.  Phys.,  p.  163  ^^a/*^. 

t  This  coDsists  of  strips  of  J  undubition  mica,  overlapping  Ftep-b'ke  and  nil  placed  wilh 
their  axial  planes  (»>.,  Ibe  axis  c)  in  a  common  line  coinciding?  with  fbe  direction  of  elonirii- 
lion.  Inserted  between  crossed  nicols.  the  axis  c  mukinfr  nn  nnirle  of  45'  with  their 
▼ibratlon-planes.  it  gives  a  series  of  areas  of  interference-colors  whose  position  in  the  scale 
is  at  once  obvious  (Art.  320).     See  Fedorow.  Zs.  Eryst..  26,  849,  1895. 
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iu  air.  The  prism  to  give  the  value  of  fi  should  obviously  have  its  refracting 
edge  parallel  to  the  axis  b,  that  is,  at  right  angles  to  the  plane  of  the  optic 
axes. 

The  other  methods*  alluded  to  on  pp.  180,  181  may  also  be  applied  here. 
For  the  method  by  total  reflection  the  sections  should  be  cut  normaJ  to  the 
acute  bisectrix.  This  will  give  bv  actual  observation  the  values  of  a  and  y^ 
and  if  2^,  the  apparent  axial  angle  in  air,  is  known,  then  ytf,  the  mean  index, 
can  be  calculated. 

886.  Interference-figure  for  a  Section  Normal  to  an  Optic  Axis. — A  section 
cut  perpendicular  to  either  optic  axis  will  show,  in  converging  polarized  light, 
a  system  of  concentric  rings  analogous  to  the  concentric  circles  of  uniaxial 
crystals,  Fig.  526,  but  more  or  less  elliptical  in  shape.  There  is,  moreover,  no 
black  cross,  but  a  single  black  line,  which  revolves  as  the  section  is  turned 
around  on  the  stage. f 

887.  Interference-figures  for  Sections  Normal  to  a  Bisectrix.— If  a  section  of 
a  biaxial  crystal,  cut  perpendicularly  to  the  acute  bisectrix,  is  viewed  in  the 
conoscope  (p.  181),  two  types  of  characteristic  interference- figures  are  observed, 
according  to  the  position  of  the  optic  axial  plane  relative  to  the  vibration-planes 
of  the  crossed  nicols. 

First,  suppose  that  the  plane  of  the  axes  coincides  with  the  vibration-plane 
of  one  of  the  crossed  nicols;  an  unsymmetrical  black  cross  is  then  observed, 
and  also  a  series  of  elliptical  curves,  surrounding  the  two  centers  and,  finally 
uniting,  forming  a  series  of  lemniscates.  If  monochromatic  light  is  employed, 
the  rings  are  alternately  light  and  dark;  in  white  li^ht  each  ring  shows  the 
successive  colors  of  the  spectrum.  If  one  of  the  nicoT  prisms  be  revolved,  the 
dark  hyperbolic  brushes  gradually  become  white,  and  the  colors  of  the  rings 
take  the  complementary  tints  after  a  revolution  of  90°. 

The  smaller  the  axial  angle  the  nearer  together  are  the  oval  centers  and 
the  more  the  interference-figure  resembles  the  simple  cross  of  a  uniaxial 
crystal.  On  the  other  hand,  when  the  axial  angle  is  large  the  hyperbolas  are 
far  apart,  and  may  even  be  so  far  apart  as  to  be  invisible  in  the  field  of  the 
polariscope.  When  this  is  not  the  case  a  micrometer  scale  in  the  polariscope. 
Fig.  514,  p.  182,  allows  of  an  approximate  measurement  of  the  axial  angle, 
the  value  of  each  division  of  the  scale  being  known. 

Again,  suppose  that  the  plane  of  the  axes  makes  an  angle  of  45*"  with  the 
vibration-planes  of  the  crossed  nicols;  two  black  hyperbolas  are  then  noted, 
marking  the  position  of  the  axes;  further,  there  is  a  system  of  curves  similar 
to  those  described  before. 

Both  of  these  figures  are  well  exhibited  on  the  plate  forming  the  frontis- 
piece (Figs.  3a  and  36).  The  one  gradually  changes  into  the  other  as  the  crys- 
tal-section  is  revolved  in  the  horizontal  plane,  the  nicols  remaining  stationary. 

A  section  of  a  biaxial  crystal  cut  perpendicular  to  the  obtuse  bisectrix 
exhibits  the  same  figures  under  the  same  conditions  in  polarized  light,  when 
the  angle  is  not  too  large.  This  is,  however,  generally  the  case,  and  in  conse- 
quence the  axes  suffer  total  reflection  (Art.  808)  on  the  inner  surface  of  the 
section  and  no  axial  figures  are  visible.  This  is  sometimes  the  case  also  with 
a  section  cut  normal  to  the  acute  bisectrix,  when  the  angle  is  large.    (See,  also. 


*  Becke  has  given  a  simple  method  for  determining  approximately  the  relative  refractive 
power  of  two  adjacent  minerals  (e.g.,  quartz  and  a  certain  kind  of  plagioclase)  in  thin  sections. 
Ber.  Ak.  Wieu,  102  (1),  July,  1898.    See  also  Viola.  Min.  petr.  Mitth.,  16,  160,  1896. 

f  On  the  special  phenomena  of  sections  of  biaxial  crystals  cut  normal  to  an  optic  axil, 
in  parallel  and  converging  polarized  light,  see  Ealkowsky,  Zs.  Kryst.,  9,  486,  1884. 
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Art.  389.)  The  pecnliai-ities  in  the  interfereDce-fignras  due  to  tbe  diapersion 
of  the  optJG  axes  and  tliat  due  to  the  dispersion  of  tbe  bisectrices,  or  both 
together,  are  alluded  to  later. 

388.  The  ezplaDation  of  the  biaxial  interference -figures — most  simply 
understood  for  the  first  case  mentioned — is  analogous  to  that  for  the  analogous 
phenomenon  of  tbe  uniaiiul  crystals  (Art,  360).  The  arms  of  the  bluck  cross 
mark  the  directions  in  which  the  light-rays,  which  are  sensibly  normal  to  the 
section,  are  extinguished,  since  the  vibratiou-planes  of  the  nicols  coincide  with 
those  of  the  section.  The  dark  ellipses  and  lemniscate  curves  seen  in  mono- 
chromatic  light  are  due  to  the  interference  of  the  two  rays  produced  by  the 
double  refraction  of  the  section  and  referred  back  to  a  common  vibration- plane 
by  the  polarizer.  This  interference  takes  place  when  the  retardation  of  one 
ray  relatively  to  the  other  is  equal  to  half  a  wave-length,  ^A,  or  to  jA,  |A,  etc. 
The  intermediate  light-spaces  correspond  to  a  similar  retaidation  of  a  whole 
wave-length,  A,  or  2A,  3A,  etc.  When  ordinary  light  is  employed  there  is 
complete  extinction  only  in  the  direction  of  the  vibration-planes  of  the  nicols, 
and  the  curves  become  colored  rings  showing  the  prismatic  colors.  The 
number  of  colored  rings  noted  in  the  field  of  view  increases,  and  their  distance 
from  the  axial  centers  and  from  eacli  other  grows  less  as  the  thickness  of  the 

flate  is  increased,  and  also  as  the  strength  oi  the  double  refraction  is  greater. 
f  the  plate  is  very  thick,  only  the  black  cross  may  be  distinctly  visible. 

389.  Meaanrement  of  the  Axial  Angle. — The'determination  of  the  angle 
made  bv  the  optic  axes  is  ordinarily  accomplished  by  use  of  the  instrument 
shown  in  Fig.  544.  The  section  of  the  crystal,  cut  at  right  angles  to  the 
bisectrix,  is  held  iu  the  pincers  at  p,  with  the  plane  of  the  axes  horizoalal,  and 


making  an  angle  of  45°  with  the  vibration -plane  of  the  nicols.  There  is  a 
crosB-wire  in  the  focus  of  the  eyepiece,  and  as  the  pincers  holding  the  section 
are  turned  by  the  screw  at  the  top  (here  omitted)  one  of  the  axes,  that  is,  one 
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black  hyperbola,  is  brought  in  coincidence  with  the  vertical  cross-wirey  and 

then,  by  a  further  revolution,  the  second. 
The  angle  which  the  section  has  been  turned 
from  one  axis  to  the  second,  as  read  pff  at 
the  vernier  on  the  graduated  circle  above,  is 
the  apparent  angle  for  the  axes  of  the  given 
crystal  as  seen  in  the  air  (aca  =  2J^,  Fig. 
545).  It  is  only  the  apparent  angle,  for,  on 
passing  from  the  section  of  the  crystal  to 
^  the  air,  the  true  axial  angle  is  more  or  less 
increased,  according  to  the  refractive  power 
of  the  given  crystiil.  The  relation  between 
the  real  interior  angle  and  the  measured 
angle  is  given  below. 

If  the  axial  angle  is  so  large  that  the 
axes  suffer  total  reflection,  oil  *  or  some  other 
liquid  with  higher  refractive  power  is  made  use  of,  into  which  the  axes  pass 
when  no  longer  visible  in  the  air.  In  the  instrument  described  a  small  recep- 
tacle holding  the  oil  is  brought  between  the  tubes,  as  seen  in  the  figure,  and  the 
pincers  holding  the  section  are  immersed  in  this  and  the  angle  measured  as 
Defore. 

In  the  majority  of  cases  it  is  only  the  acute  axial  angle  that  it  is  practicable 
to  measure;  but  sometimes,  especially  when  oil  (or  other  liquid)  is  made  use 
of,  tiie  obtuse  angle  can  also  be  determined  from  a  second  section  normal  to 
the  obtuse  bisectrix. 

It  B  =  the  apparent  semi-acute  axial  angle  in  air  (Fig.  545), 
IL=   "         "  "  "        "      in  oil, 


H.= 


(( 


iC 


semi-obtuse  angle  in  oil. 


Ftt  =  the  real  (or  interior)  semi-acute  angle, 

Fo  =   "      "      "        "        semi-obtuse  angle, 
n  =  refractive  index  for  the  oil  or  other  medium, 
fi  =  the  mean  refractive  index  for  the  given  crystallized  substance, 
the  following  simple  relations  connect  the  varions  quantities  mentioned: 

sin  E  =  n  sin  //„;     sin  F^  =  la  sii^  tfa^    siu  ^o  =  -7,  sin  Ho- 

P  P 

These  formulas  give  the  true  interior  angle  (3F)  from  the  measured 
apparent  angle  in  air  {^lE)  or  in  oil  (2//)  when  the  mean  refractive  index  (p) 
is  known. 

Instead  of  the  oil,  carbon  disulphide  with  a  refractive  index  of  1'6442  for 
Nn(t}y)  may  be  employed  ;  or  the  solution  of  mercuric  iodide  in  potassium 
iodide,  whose  refractive  index  (Na)  is  1  '7176.  The  axial  angle  measured  in  the 
latter  is  usually  represented  by  2jr.  Methyl  iodide  may  also  be  used,  since  its 
refractive  index  is  also  high;  for  it  fiy  =  1*7466.  The  axial  angle  in  this  case 
is  called  2 if. 

Another  mrxlified  form  of  axial  instrumeut  (the  Adams-Schneider)  incloses  the  section 
In  a  sphere  of  glnss  N^hich  can  be  turned  nt  the  proper  angle  ;  for  this  the  axial  angle  \%20. 
The  ndvantiiires  of  Ihi**  instrument  consist  in  the  fact  that  the  fichl  of  view  is  very  large,  and 
at  the  same  time  it  allows  of  placing  the  section  in  any  desired  ixisition  relatively  to  the 


*  A'mond-oil  which  has    been   decolorized  by  exposure  to  the    light  is   oommonly 
employed  ;  its  refractive  index  is  about  1*46. 
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axis.  Moreover,  tbe  nngle  measured  is  tbe  apparent  angle  for  tbe  glass  of  which  the  lenses 
are  made,  so  that  tlie  axes  are  visible  iu  ctises  where  this  would  not  be  the  case,  because  of 
total  reflection,  eitlier  iu  nir  or  in  oil. 

390.  Axial  Angle  Measnred  with  the  Mioroseope.— Tbe  microscope,  with  eyepiece  removed 
and  ccMideusiug  lens  (or  lenses)  added  above  the  lower  uicol,  often  serves  to  show  (with  suit- 
able high-power  objective)  the  axial  interference-figures  iu  very  thin  sections  with  only  the 
limitntlons  belonging  to  the  instrument  (see  p.  199).  Bertrand*  has  shown  that  liy  the 
addition  of  a  simple  piece  of  apparatus  tbe  axial  angle  can  be  uietisured  with  fair  accumcy. 
Further,  a  very  convenient  apparatus  for  this  objec't  has  lieeii  «ievised  by  Khin.  Apn'n. 
by  the  careful  measurement  of  the  linear  distance  between  tbe  two  hyperbolas  tbe  axial 
angle  can  be  calculated  as  shown  by  Mallard. f 

391.  Determination  of  the  Positive  or  Negative  Character  of  Biaxial  Crystals. 

— The  question  of  the  positive  or  negative  character  of  a  biaxial  crystal  is 
determined  from  the  values  of  the  indices  of  refraction,  where  these  can  be 
obtained.  If  c,  the  ether-axis  corresponding  to  the  index  y,  is  the  acute 
bisectrix,  the  crystal  is  opticaWy  poa Hive  j  if  a,  the  ether-axis  corresponding  to 
a,  is  the  acute  bisectrix,  the  crystal  is  optically  negative \  as  explained  in  Art. 
376  and  illustrated  by  Figs.  541,  542,  this  relation  follows  from  the  values  of 
the  refractive  indices. 

There  are,  however,  more  simple  methods  of  determining  the  character  by 
experiment.  The  quarter-undulation  mica  plate  may  be  employed  just  as  with 
uniaxial  crystals,  but  its  use  is  not  very  satisfactory  excepting  when  the  axial 
divergence  is  quite  small.  In  this  case  it  can  be  used  to  advantage,  the  plane 
of  the  axes  of  the  crystal  investigated  being  made  to  coincide  with  the  vibra- 
tion-plane of  one  of  the  nicols.  With  the  microscope  the  selonite  plate  may  be 
employed  after  a  manner  similar  to  that  explained  in  Art.  364. 

392.  The  more  general  method  is  the  employment  of  a  thin,  wedge-shaped 
piece  of  quartz;  this  is  so  cut  that  one  surface  coincides  with  the  direction  of 
the  vertical  axis,  and  the  other  makes  an  angle  of  4°  to  6°  with  it.  By  this 
means  a  wedge  of  varying  thickness  is  obtained.  The  section  to  be  examined, 
cut  normal  to  the  acute  bisectrix,  is  brought  between  the  crossed  nicols  of  the 
polariscope  (Fig.  513),  and  with  its  axial  plane  making  an  anele  of  45"  with 
the  polarization-plane  of  the  nicol  prisms;  that  is,  so  that  the  black  hyperbolas 
are  visible.  The  quartz- wedge  is  now  introduced  slowly  between  the  section 
examined  and  the  analyzer,  fir  sty  in  a  direction  at  right  angles  to  the  axial 
plane,  that  is,  to  the  line  joining  the  hyperbolas,  of  the  plate  investigated ;  and 
second,  parallel  to  the  axial  plane,  that  is,  in  the  direction  of  the  line  joining 
the  hyperbolas.  In  one  direction  or  the  other  it  will  be  seen,  when  the  proper 
thickness  of  the  quartz-wedge  is  reached,  that  the  central  rings  appear  to 
increase  in  diameter,  at  the  same  time  advancing  from  the  center  to  the 
extremities 

The  effect,  in  other  words,  is  that  which  would  have  been  produced  by  the 
thinning  of  the  given  section.  If  the  phenomenon  is  observed  in  the  first  case 
wrhen  the  axis  of  the  quartz  is  parallel  to  the  axial  plane,  that  is,  to  the  obtuse 
bisectrix,  it  shows  that  this  bisectrix  must  have  an  opposite  sign  to  the  quartz, 
that  is,  the  obtuse  bisectrix  is  negative,  and  the  acute  bisectrix  positive.  If 
the  mentioned  change  in  the  interference-figures  takes  place  when  the  axis  of 
the  quartz  is  at  right  angles  to  the  axial  plane,  then  obviously  the  opposite 
must  be  true  and  the  acute  bisectrix  is  negative.    This  method  of  investigation 


♦  Berlranil.  Bull.  Soc.  Min.,  3.  97,  1880;  see,  also,  Nachet.  ibid..  10,  186,  1887;  Klein, 
Ber.  Ak.  Berlin.  91,  1895      Alv)  references  in  p.  199. 

t  Mallard,  Bidl.  Snc.  Min.,  6,  77,  1882;  tin's  last  method  is  explained  by  Rosenbusch. 
Mikr.  Phys..  194.  1892. 
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.'v..  .■i.'L^  :u  i.-«M«  where  :be  &xiAl  ul^  a:oa  brgt  ta  appear  in 

'1.      .  ..^  .'.!«\'itf  :>i<*y  M  obcaic«<i  bv  bric^::;  ac  oribiitcf  qurtz  mmkhi 
...         .    tM -iiicituinM.  cue  comul  M  tee  axLi,  b«««eo.  :ji«  uwlner  kod 
■ .  ..'.  .  \jk:i::iicu.  ;iu>i  :b«c  ;c'';unis^  £:.  £iss  in  :hc  >iiRCEi>ia  of  ciw  aximl 
.,..>:  .ie,-i.i'  -i;  "igiit  aajl««  M  i- 

,    t<\i  'uii-  ■'>  fiwisi'JB*J  -El  Art.  n4. 

,4^  Atw>>rpCiOB   Phanuaa  cf  Biaxial   CiTMala.     Plia  fciwiB  —Biaxial 

>../;',  .'^.'.'-lV6p<-'U^:^;^  to  I'r.t:  fai^c  :h»;  ther  bave  :hn«  priccLpal  rvfnkCtiTC 
,1,-  ■..,  J.  •-■I  may  ibowiiffer-r.^  'i^rznt*!»  or  kir.-ii  •>f  a»orpti->D  :n  different 
,:-^i;A-iS.  Lisuaiij  iisaurued  w  iu'itt^o'.  ti.*  «;r.«r-u«£.  Tii„  a.  b.  c.  Thedi^gree 
,•'  .1  -jv^-i'iU'!!  is  i!esi«iiaw<i  aaa>&^corii^b  =  c,  etc.  Further,  aceonling 
I,.  :;!■.■  ii'-'i  vi  wieciive  ate'i.-j.-.i .:,,  t,.e  crj*:*;  may  be  tiicrinjic  or  trichroir,  or 
ini.vT.  ill  j;t.'!;»fnti.  },h'>f'ir',i'-;'  i:.  t;iia  fa.^^  ;;,e  ot'^rs  c»rres ponding  to  the 
M:>r.i; it'll*  [«raIWl  to  tii*  i;::i<:r-az^  un  usually  ^ven,  Ic  his  been  eliovu, 
)ii<»v\er.  tiluc  the  uiea  of  a^^rt^jqitioci  -lo  i.oc  'm  itU  casej  ooiticide  with  tfae 
fl  luT  axes. 

it.vegti;g»t«  the  ab«ori>tiTe  propenies  of  «  biaxial  cirstal, 
obiaine^  which  are  parallel  to  the  sereml  etiier-axe«,  cL 
i"\%.  TAr,.  In  an  orthorhomhic  crystal  the  face^  are  tboee  of 
the  three  pinacoiJi;  in  a  monoc.inic  crystal  one  side  coin- 
cides  with  the  din<ri>iiiac«>id,  the  ochera  are  to  be  determined 
for  each  aftecieii.  The  ligiit  transmitted  by  this  solid,  or  hj 
the  orreiitiondin^  aections,  m  exaniined  by  means  of  a  nngle 
nicol  priiim.  Suppose,  first,  that  the  light  transmitted  (Fie. 
'Aft)  in  the  direction  of  the  vertical  axis  is  to  be  examined. 
Whfcii  the  iihorter  diagonal  of  tiie  nicol  coincides  with  the 
direction  of  the  aii.i  f ,  the  color  obierveil  belongs  to  that  ray 
with  vibrationii  [laraliel  to  this  direction:  when  it  coincides 
with  the  axis  a,  the  color  for  the  ray  with  vibrations  parallel  to  a  is  obeeired. 
In  the  same  way  the  nicol  sejHiratea  'the  different  colored  ravs  vibrating  parallel 
to  e  and  a  r<,-»]Mjctively,  when  the  light  nausea  through  in  tlie  direction  of  b. 

So  also  filially  when  the  flection  m  looked  through  in  the  direction  of  the 
axis  0.  the  colom  for  the  rays  vibraring  parallel  to  fa  and  C.  respectively,  are 
obtained.  It  is  evident  that  the  examinntioii  in  two  of  the  directions  named 
will  give  the  three  [KMisible  colors.  All  of  these  observations  are  readily  made 
with  the  microscoiie  provided  with  one  niool. 

For  cpiiloii:.  -na^-rdliig  l<.  Kkiii,  the  colors  fc.r  ihc  tliree  axi.il  diiectioMaifl : 
J    1  VlbniHoui  paniltcl  lo  I.  brown  (iibsorbnl). 

2   )  VlbrntloDR  pamlli-l  to  (   frrren. 

g   )  VlbrallonB  pamllel  lo  (   irreen. 
'  '         '■  "        ■'  b,  brown  lalworhcd), 

Tlie  cotorH  olnwm-il  by  I  lie  fyr  nlone  nre  the  re*iiitnnts  of  the  dniihle  wt  of  vlblatlono, 
In  wlilcli  UiomrotiB.rciilor  iiriiloiiiiimte* ;  ilnig,  in  the  alxive  «x:imp1e.  the  pinna  immial  to 
«  ifi  lirowii,  lo  i  yelliiwlKhf^reeii.  to  a  L'reeii.  Im  any  other  <lirertion  lu  the  en'rtal  the 
aiipnniit  .r.lor  Ih  the  r.-»ult  <if  n  mliliire  .if  ilioie  corrMpoDiUng  to  the  three  dlrectluna  ot 
vilinillonii  In  illfTrrRiit  proiHirllonii. 

When  a,  Kc.oi\m\  fnonnul  to  an  optic  axi?)  of  h  crvstal  ohnracteriaed  by  a 
high  degree  of  color-nbsorption  is  examined  by  the  eye  alone  (or  with  the 
^^^^  •  Early  ubMrviiiions  wcie  mndu  hy  HaUiiugiT.  sie  lllenilure  below. 
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microscope)  in  strongly  converging  light,  it  often  shows  the  so-called  epoptic 
figures*  or  volar ization-brushesy  somewhat  resembling  the  ordinary  axial 
mterference-ngures.  This  is  true  of  andalusite,  epidote,  iolite,  also  tourmaline^ 
etc.  A  cleavage  section  of  epidote  \c  (001)  held  close  to  the  eye  and  looked 
through  to  a  bright  sky  shows  the  polarization-brushes,  here  brown  on  a  green 
ground. 

It  is  also  to  be  noted  that  certain  strouglv  absorbing  crystals  (e.g.^  biotite) 
often  show  spots  where  the  color  is  particularly  deep;  such  areas  are  some- 
times called  pleochroic  halos. 
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Special  Optical  CJiaracters  of  Orthorhombic  Crystals. 

894.  Position  of  the  Ether-axes. — In  the  orthorhombic  SYSXEM^in  accord- 
ance with  the  symmetry  of  the  crystallization,  the  three  axes  of  the  indicatrix, 
that  is,  the  ether-axes  a,  b,  c,  coincide  with  the  three  cryatallographic  axes,  and 
the  three  unlike  crystallographic  planes  of  symmetry  correspond  to  the  planes 
of  symmetry  of  the  ellipsoid.  Farther  than  this,  there  is  no  immediate  relation 
between  the  two  sets  of  axes  in  respect  to  magnitude,  for  the  reason  that,  as 
has  been  stated,  the  choice  of  the  crystallographic  axes  is  arbitrary  so  far  as 
relative  length  and  position  are  concerned,  and  hence  made,  in  most  cases, 
without  reference  to  the  optical  character. 

Sections  of  an  orthorhombic  crystal  parallel  to  a  pinacoid  plane  {a^  b,  or  c) 
appear  dark  between  crossed  nicols,  when  the  axial  directions  coincide  with 
the  vibration-nlanes  of  the  nicols.  In  intermediate  positions  a  section  will 
appear  \\s:ht  (or  colored  if  of  the  proper  thickness).  Hence  such  a  section 
when  revolved  on  the  microscope  will  appear  dark  four  times. 

The  same  will  be  true  of  a  section  cut  in  the  prismatic  zone  (||  i,  the 
vertical  axis)  or  in  the  plane  parallel  either  to  the  axis  h  or  d. 

395.  Determination  of  the  Plane  of  the  Optio  Axes.— The  plane  of  the  optic 
axeSf  that  is,  of  the  axes  a  and  c,  corresponding  to  the  indices  a  and  y,  must 
be  parallel  to  one  of  the  three  pinacoids.  In  order  to  determine  in  which 
plane  the  axes  lie,  it  is  necessary  to  examine  sections  parallel  to  these 
directions.  One  of  these  will  in  all  ordinary  cases  show,  in  converging 
polarized  light,  the  interference-figure  peculiar  to  biaxial  crystals.  It  is 
evident  also  that  two  of  the  sections  named  determine  the  character  of  the 
third,  so  that  the  plane  of  the  optic  axes  and  the  position  of  the  acute  bisectrix 
can  be  in  practice  generally  told  from  them. 

The  position  of  the  optic  axial  plane  is  briefly  indicated  according  to  the 
pinacoid  to  which  it  is  parallel:  as,  ax.  plane  ||  « (100),  etc.     Further,  tiie 

•  These  flgun»s  are  cillcd  houppes  by  tbe  French  nnd  PolariaatiomlnUehel by  th**  Oit- 
man  mineralogists.    Such  crystals  are  said  to  be  idiophanaus. 
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position  of  the  acute  bisectrix  is  described  according  to  the  pinacoid  to  which 
it  is  normal,  as  Bx^JLc,  etc. 

396.  Dispersion  of  the  Axes.— From  the  section  showing  the  axial  figures, 
that  is,  normal  to  the  acute  bisectrix,  the  axial  angle  can  be  measured  in  the 
manner  which  has  been  described  (Art.  389).  If  it  is  practicable  to  determine 
also  the  obtuse  axial  angle  from  a  second  section  normal  to  the  obtuse  bisec- 
trix, the  true  axial  angle  (2  V)  and  also  the  mean  refractive  index  {/H)  can 
then  be  calculated. 

There  is  further  to  be  determined  the  dispersion  of  the  axes  (see  Art.  378). 
Whether  tlie  axial  angle  for  red  rays  is  greater  or  less  than  for  blue  (p  >  v, 
or  p  <  v)  can  be  often  seen  immediately  from  the  axial  interference-figure  in 
the  colored  plate  (frontispiece);  it  is  obviously  true,  from  Fig.  3a,  as  also 
Fig.  3b,  that  the  angle  for  the  blue  rays  is  greater  than  that  for  the  red 

(p  <  v),  and  so  in  general.  This  same  point 
is  also  accurately  determined,  of  course,  by 
the  measured  angle  for  the  two  colors. 

In  all  cjises  the  same  line  will  be  the 
bisectrix  of  the  axial  angle  for  both  blue 
and  red  rays,  so  that  the  position  of  the 
respective  optic  axes  is  symmetrical  with 
reference  to  each  bisectrix.  In  Fig.  547,  the 
dispersion  of  the  axes  is  illustrated,  where 
p  <  v;  it  is  shown  also  that  the  lines  B^B* 
and  B^B*  bisect  the  angles  of  both  red 
{pOp')  and  blue  (vOv')  tsljb.  It  also  needs 
no  further  explanation  that  for  a  certain 
relation  of  the  refractive  indices  of  the 
different  colors,  the  acute  bisectrix  of  the 
axial  angle  for  red  rays  may  be  the  obtuse 
bisectrix  for  the  angle  for  blue  rays.  This  is  true,  for  example,  in  the  case  of 
the  species  danburite,  as  already  noted  (p.  209). 

397.  Kefraotive  Indices,  etc.— The  determination  of  the  refractive  indices 
and  the  character  (-|-  or  — )  of  the  acute  bisectrix  is  made  for  orthorhombic 
crystals  in  the  same  way  as  for  all  biaxial  crystals.  It  is  merely  to  be 
mentioned  that,  since  the  ether-axes  always  coincide  with  the  crystallographic 
axes,  it  sometimes  happens  that  crystals,  without  artificial  preparation,  furnish, 
in  their  prismatic  or  dome  series,  prisms  whose  edges  are  parallel  to  these 
axes,  and  consequently  at  once  suitable  for  the  determination  of  the  indices  of 
refraction.  This  is  often  true,  for  example,  with  topaz.  It  must  be  noted, 
however,  that  if  the  refractive  angle  is  too  large,  the  refracted  ray  will  not 
emerge  (see  Art.  303),  the  limit  being  when  the  angle  of  the  prism  is  equal  to 
twice  the  critical  angle. 

Special  Optical  Characters  of  Monoclinic  Crystals. 

398.  Position    of  the  Ether-axes    and  Optic  Axial  Plane.— In    crystals 

belon^ring  to  the  monoclinic  syrtem  one  of  the  ether-axes  always  coincides 
with  the  orthodiagonal  axis  b.  and  the  other  two  lie  in  the  ])lane  of  symmetry 
at  right  angles  to  this  axis.  Here  obviously  three  cases  are  possible,  according 
to  which  two  of  the  axes,  a,  b,  or  c,  lie  in  the  plane  of  symmetry. 

Correspond  in  gf  to  these  three  positions  of  the  ether -axes,  there  may 
occur  three  kinds  of  dispersion  of  iha^Q  dkHQ^y  or  dispersion  of  the  bisectrices 
(Art.  377).     This  dispersion  arises  from  the  fact  that,  while  the  position  of 
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oue  lucis  is  fixed,  the  position  of  the  other  two  may  be  different  for  the  different 
colors  (wave-lengths),  bo  that  the  bisectrices  of  the  different  colors  ina;  uot 
coincide. 

399.  StanTOKOpe. — The  position  of  the  two  axes  in  the  plane  ot  symmetry 
may  be  determineil  by  use  of  the  niicroacope  aa  described  in  Art.  380.  A  more 
accurate  method,  applicable  in  certain  cuses,  involves  tlie  principle  of  the 
etaui-oscope,  an  instrument  first  devised  by  von  Kobell  (1855  *),  and  since  then 
much  improved.  In  its  present  form  it  is  simply  the  orthoscope  of  Fig.  515 
with  a  composition  plate  of  calcite  inserted  at  m  in  the  upper  tube.  This 
gives  1  peculiar  interfere  nee -figure  the  form  of  which  is  altered  if  a  doubly 
I'efractiug  section  is  placed  on  the  stage  below,  unless  its  vibration -pi  an  as 
coincide  with  those  of  the  crossed  nicols.  The  adjuHtmeat  which  restores  the 
normal  figure  can  be  made  with  great  precision.  To  accompiisli  this,  it  is 
essential  that  the  direction  of  the  known  edge  of  the  crystal  should  be 
«sact)y  parallel  to  the  vibration-direction  of  one  of  the  nicols.  This  condition, 
in   the  case   of  amull  crystals  especially,  is  hard  S4B. 

to  fulfill,  and  to  accomplish  it  moat  satisfactorily 
the  holder  shown  in  Fig.  548  is  made  use  of. 
A  plate  of  glass,  v,  held  iu  its  present  position 
by  a  spring,  has  one  edge  polished,  that  which 
adjoins  m,  and  the  direction  of  this  is  made  to 
coincide  exactly  with  the  line  joining  the  opposite 
zero  points  of  the  graduation.  The  crystal  section 
is  attached  to  this  plute  over  the  hole  seen  in  v, 
and  with  a  plane  of  known  cry stallo graphic 
position,  either  n,  c  or  a  face  in  that  zone  (or  a 
corresponding  edge),  coinciding;  with  the  direction 
of  the  polished  edge  of  the  plate.  Whether  this 
coiocidence  is  exact  can  be  tested  by  the  reflecting  goniometer. 

After  the  adjustment  of  the  section  on  the  plate  v,  the  latter  is  inserted  in 
its  place,  the  wliole  plate  placed  in  position  (Fig.  515),  and  the  nicols  so 
adjusted  that  the  vibration  plane  of  one  coincides  with  the  line  0°  to  180°, 
The  angle  of  revolution  of  the  circular  plate,  I,  is  obtained  from  the  gradu- 
ated scale  on  k. 

It  is  not  always  easy  to  make  the  adjustment  of  the  nicols  alluded  to,  but 
the  error  arising  when  the  vibration-plane  of  the  nicol  does  not  coincide  with 
the  line  0°  to  180°  is  easily  eliminated.  This  is  accomplished  by  removing  the 
plate  V,  and,  withont  disturbing  the  crystnl  section,  restoring  it  to  its  place  in 
an  inverted  position.  The  measured  angle,  if  before  too  great,  will  now  be  as 
much  too  small,  and  the  arithmetical  mean  of  the  two  measurements  will  be 
tlie  true  angle.     (Cf.  Groth,  I.  c.) 

400.  Fositiou  of  the  Plane  of  the  Optic  Azei.— The  investigation  of  a  section 
of  a  monoclinic  crystal  parallel  to  the  plane  of  symmetry  determines  the 
position  of  the  two  ether-axes  lying  in  this  plane,  but  it  does  not  fix  the 
relative  position  ot  the  axes  a  and  c,  that  is,  the  plane  ot  the  optic  axes. 
To  solve  Che  latter  point,  sections  normal  to  each  of  the  throe  axes  must  be 
examined  in  converging  polarised  light,  and  one  ot  them  will  show  the 
characteristic  interference- figure.  The  section  parallel  to  the  plane  of 
symmetry  is  first  to  be  examined,  and  if  it  does  not  show  the  axes  even 
iu  oil,  one  or  both  of  the  other  sections  spoken  of  must  be  employed. 
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The  position  of  the  optic  azial  plane  is  deecribed  as  \b  or  J_b  according 
aa  it  is  parallel  or  normal  to  the  plane  of  symmetry,  that  is,  to  the  face  6(010). 
In  the  former  case,  the  position  of  the  bisectrices  may  be  defined  iiccording  to 
the  angle  which  the  acute  bisectrix  (Bx.)  makes  either  with  the  normal  to  the 
face  a  (100)  or  that  of  c  (001)  or  with  the  vertical  axis  i.     The  last  method  is 

rrticularly  convenient  since  the  direction  of  the  vertical  crystal lographic  axis, 
is  that  marked  by  the  prismatic  zone  {e.g.,  in  a  section  by  cleavage  lines), 
and  Btill  more  since  the  extremity  of  i  is  the  middle  point  of  the  sphere  of 
projection  (Fig.  550)  and  the  angle  is  either  -|-  (in  front,  toward  100)  or  — 
(behind,  toward  100). 


the  axial  angle  ft,  u 
649. 


us  (001  A  100),  =  80°  43',  It  Is  also  true  that  Uie  Dormal 


angles  between  (  or  n  and  tbe  planes  e,  a  are  as  follows:  e 

■d3  m  =  —  46°  48'.     The  poaitioos  of  Ihe  binectrices  are  showa  1 

6  (010)  of  Fig.  H»,  And  also  in  the  b|)  lie  re  of  projection.  Fig.  MO. 

551.  401.  Diipenion  of  the  BisMtrioes. — 1.  Inclined 

DisPKRSiON. — In  this  first  case  the  plane  of  the 
optic  axes  is  parallel  to  the  face  b  (OLO);  in  other 
words,  the  two  bisectrices  (the  axes  a  and  t)  lie  in  the 
plane  of  symmetry,  and  the  mean  axis  b  coincides  with 
the  orthodiagonal  axis.  'Die  optic  axes  may  here  suffer 
a  dispersion  in  this  plane  of  symmetry,  and,  as  already 
stated,  they  then  do  not  lie  symmetrically  with  reference 
to  the  acute  bisectrix.  This  is  illustrated  in  V'lg.  .551, 
where  3f^f  is  tlie  bisectrix  for  the  angle  vOi'',  and  BB 
for  the  angle  pOp'.  This  kind  of  dispersion  was  called 
by  Des  Cloizeau.T  inclined  (dispersion  inclinee).  The 
position  of  the  two  axial  planes  is  fiirtlier  illnstrated  by 
Fig.  552  (from  Schrauf),  and  corresponding  to  this  the 
axial  interference-figure,  when  the  dispersion  is  con- 
nderable,   shows  a  distribution  of  colors  illnstrated  by  Figs,  ia  and  Ab  of 
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the  plate  (frontispiece),  which  should  be  compared  with  the  normal  figures 
(Fip.  3a  and  db),  where  there  is  no  dispersion  of  the  bisectrices. 


662. 


663. 


664. 


1.  luclined. 
Ax.  pi.  I  b  (010). 


2.  HorizoDttil.  8.  Croflsed. 

Ax.  pi.  ±  ft;  Bxo  ± b.       Ax.  pi.  X  ft ;  Bx^  ±  ft. 


2.  Horizontal  Dispersion.  In  the  second  case  the  acute  bisectrix 
and  b  lie  in  the  plane  of  symmetry,  and  the  optic  axial  plane  is  hence 
normal  to  it..  In  other  words,  the  plane  of  the  optic  axes  for  all  the  colors 
lies  parallel  to  the  orthodiagonal  axis,  but  these  planes  may  have  different 
inclinations  to  the  vertical  axis.  This  was  called  horizontal  dispersion  bj 
Des  Cloizeaux. 

The  relative  positions  of  the  axial  planes  is  illustrated  by  Fig.  553,  and 
the  resulting  interference-figure  is  shown  in  Fig.  5  of  the  plate. 

3.  Grossed  Dispersion.  In  the  third  case  the  obtuse  bisectrix  and  b  lie 
in  the  plane  of  symmetry,  that  is,  the  plane  of  the  optic  axes  is  normal  te 

this  plane  and  the  acute  bisectrix  coincides  with  the  orthodiagonal  axis  b. 
This  was  called  crossed  dispersion  by  Des  Cloizeaux  (dispersion  tournunte 
or  crois6e).  The  relative  positions  of  the  axial  planes  is  illustrnted  by 
Fig.  554  and  the  corresponding  interference- figure  is  shown  in  Fig.  6  of 
the  plate. 

402.  Axial  Angle,  Dispersion,  etc.— The  method  of  measuring  the  axial 
angle  has  been  already  explained,  and  if  this  is  determined  for  the  different 
colors  it  will  determine  the  dispersion  of  the  axes  p^v. 

The  dispersion  of  the  bisectrices  has  been  shown  to  be  in  genera) 
indicated  by  the  character  of  interference-figures ;  its  amount,  where  con- 
siderable, may  be  determined  by  making  the  stauroscopic  measurements  for 
different  colors. 

The  remaining  points  to  be  investigated,  the  refractive  indices,  the  -f  or 
—  character  of  the  crystal,  etc.,  need  no  further  explanation  beyond  that 
which  has  been  already  given. 

Special  Optical  Characters  of  Triclinic  Crystals. 

403.  The  crystals  of  the  triclinic  system  are  characterized  by  the  absence 
of  a  plane  of  cfystallographic  symmetry,  the  position  and  inclination  of  the 
axes  being  thus  arbitrary.  It  follows  from  this  that  there  is  no  necessary 
connection  between  them  and  the  rectangular  ether-axes.  More  than  one  of 
the  three  kinds  of  dispersion  mentioned  in  Art.  401  may  occur  in  a  single 
crystal,  and  the  interference-figures  will  indicate  the  existence  of  both. 

■"'le  practical  investigation  of  triclinic  crystals  optically  involves  consider- 
ifficulty ;  in  general  a  series  of  successive  trials  are  required  to  determine 


Th 
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the  position  of  the  axes.  When  these  are  found,  the  axial  sections  can  be 
prepared  and  the  axial  anorle  determined,  and  the  other  points  settled  as  with 
other  biaxial  crystals.     Cf.  Fig.  341,  p.  109,  of  chalcanthite,  where  S  repre- 
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sents  approximately  the  msition  of  BjCa,  or  in  other  words  is  the  pole  or  normal 
to  the  plane  at  right  angles  to  the  acute  hi:>ectrix.  On  the  general  relation 
between  the  extinctiou-directiout^,  ether-axes  and  optic  axes,  see  the  authors 
referred  to  on  p.  212. 


404.  Effect  of  Heat  upon  Optical  Characters. — The  general  effects  of  beat 
upon  crystals  as  regards  expansion,  etc.,  are  spoken  of  later.  It  is  convenient, 
however,  to  consider  here,  briefly,  the  changet*  produced  by  this  means  in  the 
special  optical  characters.  It  is  assumed  that  no  alteration  of  the  chemical 
composition  takes  place  and  no  abnormal  change  in  molecular  structure.  The 
essential  fiicts  ai*e  as  follows: 

(1)  Isotropic  crystals  remain  isotropic  at  all  temperatures.  Crystals,  how- 
ever, which  like  sodium  chlorate  (NaClO,  of  Group  5,  p.  51)  show  circular 
polarization,  may  have  their  rotatory  power  altered;  in  this  substance  it  is  in- 
cresiscd  by  rise  of  temperature. 

(2)  Uniaxial  crystals  similarly  remain  uniaxial  with  rise  or  fall  of  tempera- 
ture; the  only  change  noted  is  a  variation  in  the  relative  values  of  co  and  6,  that 
is,  in  the  strength  of  the  double  refraction.  This  increases,  for  example,  with 
calcite  and  grows  weaker  with  beryl  and  quartz.  It  is,  further,  interesting  to 
note  that  the  rotatory  power  of  quartz  increases  with  rise  of  temperature,  but 
the  relation  for  all  parts  of  the  spectrum  remains  sensibly  the  same. 

(3)  With  Biaxial  crystals,  tiie  effect  of  change  of  temperature  varies  with 
the  system  to  which  they  belong. 

The  Axial  nnirle  of  biaxial  (TyKUiU  may  l>e  measured  at  any  required  temperature  by  the 
use  of  a  metal  air-bath.  This  \n  placed  at  /^(Fig.  544),  and  exleads  beyond  the  insiriiment 
on  either  side,  so  as  to  allow  of  i:s  being  healed  with  gas-bnniers ;  a  thermometer  inserted 
in  the  bath  makes  it  possible  to  rei^ulate  the  temperature  us  may  be  (lesiR*d.  This  bath  has 
two  openin!;s,  ch.sejl  with  ^lass  plates.  corres|X)tuling  to  the  two  tubes  carrying  the  lenses, 
and  the  crystHl-scciion.  held  as  usual  in  tlx;  pincers,  is  seen  througli  these  glass  windows. 
8uiiaS1e  acccfesoics  to  the  refnictonieter  also  allow  of  the  measurement  of  the  ref  motive 
indices  at  diUcrent  teni|>eraiures. 

In  tiie  case  of  orthorhombic  crystals,  the  position  of  the  three  rectangular 
ether-axes  cannot  alter,  since  thev  must  always  coincide  with  the  crvstallo- 
graphic  axes.  The  values  of  the  refractive  indices,  however,  may  change,  and 
hence  witli  them  also  the  optic  axial  angle;  indeed  a  change  of  ixial  plane  or 
of  the  optical  character  is  tlius  possible. 

For  example.  Des  Cloizeaux  idves  the  followinir  values  for  barite :  O^r  =  63*  5'  at  13* 
C,  69"  49'  at  95-5  .  74'  42'  at  19o-8^  Further.  Arzfuni  obtained  the  following  measumcnts 
of  the  refractive  inlices  of  the  same  species  for  the  D  line  : 

2V 

37' 28' 

88"  4^ 

40"  l.T 

104")  44"  18* 

With  mnnoclinic  crystals,  one  ether-axis  mtist  coinoirlo  at  all  temperatures 
with  the  axis  of  symmetry,  hut  the  jwsition  of  the  other  two  in  the  plane  of 
symmetry  may  alter,  and  this  with  the  possible  chanjre  in  the  value  of  the 
refrnctiye  indices  may  cause  a  variation  in  the  degree  (or  kind)  of  dispersion  as 
well  ns  in  tlie  axial  angle. 

With  triilinic  crystals,  both  the  positions  of  the  ether-axes  and  the  values 
of  the  refijiotive  indices  may  change.  The  observed  optical  characters  may 
therefore  vary  widely. 
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A  striking  example  of  the  chnnge  of  optical  clmmctera  with  change  of  temperature  ir 
furuisheii  by  gy|)sum,  its  iuvesii^tcd  by  Des  Cloizeuux.  At  ordinaiy  temperatures,  the 
(ii^perKJon  is  inclined,  the  axitil  plane  is  |6  and  2Er  =  95**.  As  the  temperature  rises  tliia 
angle  diniiuisiies  ;  thus  at  47%  2Mr  =  76";  at  95%  2Er  =  89%  and  at  116%  2AV  =  0.  At  this 
last  temperature  the  axes  for  blue  rays  have  already  separated  in  a  plane  l  6  ;  at  120*  the 
axes  for  red  rays  also  sei)arute  in  this  p.ane  (lb)  and  the  dispersion  becomes  ^lOfieontal, 
The  motion  townrd  the  center  of  one  red  axis  is  more  rapid  than  that  of  the  other,  namely 
between  20**  and  95%  88"  55' and  22^88',  respectively;  thus  Bxr  moves  5*^88. 

Another  interesting  case  is  that  of  glauberite.  Its  optical  characters  under  normal  con- 
ditions are  described  as  follows  :  Optically  — .  Ax.  pi.  ±  b,  Bxar.  A  ^  =  —  81"  8*.  Bxa.7 
=  -  80"  46%  Bxa.bi  A  ^  =  -  80"  10'.  The  optical  chanicter  (-)  and  the  position  of  the  axes 
of  elasticity  rem:iin  sensibly  constant  between  0"  and  100".  The  ax.  pi.,  however,  at  flist 
1  b  with  horizontal  dispersion  and  v  <  fj  becomes  on  ri<>e  of  temperature  [b  with  inclined 
(iispcrsion  and  v  >  p.  The  axial  angle  accordingly  diminishes  to  0"  at  a  temperature 
dc|)endiug  u\yon  the  wave-length  and  then  increases  in  the  new  plane.  In  white  light, 
therefore,  the  interference-figures  are  abnormal  and  cliaDgc  with  rise  in  temperature.  Axial 
tingles,  Luspcyres : 

At 
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blue 
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2E  =  16'    6' 
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8"  14' 

0"  (at  18") 

86" 
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0" 

7"    8' 

11"    8* 
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-  =    0" 

7"  14' 

10"  82' 

18"    2' 

85" 

"  =10"  47' 

18"  14' 

15"  15' 

17"    7' 

Des  Cloizeaux  found  that  the  feldspars. -when  heated  up  to  a  certain  point,  suffer  a 
change  in  the  position  of  the  axes,  and  if  the  heat  becomes  greater  and  is  long  continued 
they  do  not  return  agidn  to  their  oriirinal  position,  but  remain  altered. 

In  addition  to  the  typical  cases  referred  to,  it  is  to  be  noted  that  when  eleva- 
tion of  temperature  is  connected  with  change  of  chemical  composition  wide 
changes  in  optical  characters  are  possible.  This  is  illustrated  by  the  zeolites  and 
related  species,  where  the  effect  of  loss  of  water  has  been  particularly  investi- 
gated. 

Further,  with  some  crystals,  heat  serves  to  bring  about  a  change  of  molecular 
structure  and  with  that  a  total  change  of  optical  characters.  For  example,  the 
greenish-yellow  (artificial)  orthorhombic  crystals  of  antimony  iodide  (Sbl,)  on 
heating  (to  about  114°)  change  to  red  uniaxial  hexagonal  crystals.  Note  also 
the  remarks  made  later  in  regard  to  the  effect  of  heat  upon  Icucite  and  boracite 
(Art.  411). 

409.  Borne  Peealiarities  in  Axial  Interferenee-flgnret.*— Ill  the  case  of  uniaxial  crystals,  the 
characteristic  interference-figure  varies  but  little  from  one  species  to  another,  such  varia- 
tion as  is  observed  being  usually  duo  to  the  thickness  of  the  section  and  the  birefringence. 
In  some  cnses,  however,  peculiarities  are  noted.  For  example,  the  interfei^uce-figure 
of  apophyllite  is  somewhat  peculiar,  since  its  birefringence  is  very  weak,  and  it  may  be 
optically  positive  for  one  part  of  the  spectrum  and  negative  for  the  other. 

In  the  aise  of  biaxial  crystals,  peculiarities  are  more  common.  The  following  are  some 
typ'Val  examples : 

BnKikite  is  optically  -f  and  the  acntn  bisectrix  is  always  normal  to  a  (100).  While,  how- 
cvor,  the  nxial  plane  is  Ic  for  red  and  yell(»w,  with  2Er  =  55%  2Ey  =  80".  it  is  commonly 
lb  for  /orreen  and  blue,  with  2Egr  =  34".  Hence  a  sectioit  \a  in  the  conoscope  shows  a  figure 
tompwhat  resc^mbling  that  of  a  uninxlal  crystal  but  with  four  sets  of  hyperbolic  bands. 

Titnnite  al«<o  tjives  a  peculiar  interference -figure  with  colored  hyperbolas  bocause  of 
the  high  color-di«»per<ion.  ft  >  v:  thus  Des  Cloizeaux  gives  2Er  =  55"  to  56",  2Er  =  84"; 
the  dispersion  of  the  bi«eclHces  Is.  however,  very  small. 

The  most  striking  cases  of  peculiar  axial  figures  arc  nflforded  by  twin  crystals  (Art.  407). 

406.  Relation  of  Optical  Properties  to  Chemical  Composition. — The  effect  of 
Tarying  chemical  composition  upon  the  optical  characters  has  been  minutely 

*  Variation*^  in  the  axial  figures  embniced  under  the  head  of  optical  anomalies  are  spokea 
of  later  (Art.  411). 
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studied  in  the  case  of  many  series  of  isomorphous  Baits,  und  with  importaut 

results.*   It  is,  iudeed,on1y  apnrt  of  the  general  subject  of  the  relation  oetweea 

crystalline  form  and  molecular  structure  on  the  one  hand  and  chemical  com- 

positioD  on  the  other,  one  part  of  which  has  been  discussed  in  Art.  302.     It 

was  siiown  there  that  ihe  refractive  index  can  often  be  approximately  calculated 

from  the  chemical  composition. 

Amuiig  iniiienlg,  tliu  moat  iuiimrlaiii  examples  of  the  relntlou  iKlwecn  coaipo«ItiOD  and 

oplical  cliaraclvrt  are  ufllorded  by  llie  trlclliiic   feliltipiirB  of   the   nlbtte-auortblle  terlei. 

Here,  na  explniiied  in  dDluil  In  Ibe  deHCrlptive  piirt  ui  Ihis  wtirk.  Ilie  relallou  Is  so  dote 

Uiui  iLe  cumpueiiiou  of  itoy  iiiiermediate  member  of  Ibtaiitoiiiurpliuus  group  cat)  be  predicted 

fruui  tbe  iwaitiou  ot  lis  etber.aiea,  or  more  Hlmpl;  from  Ibu  vibration  dlrectl<  na  on  Iba 

fuuilauieDiul  uleiiTage-direciioiiB,  \e  (Otil)  uiid  \b  (UtUj. 

Tbe  effect  of  varjiiig  umoutiia  uf  iiou  protuiiJe  (FeO)  U  illiiatrslei)  lu  tbe  case  of  Ibe 

idonucMuic  pyruxeues,  wbere,  fur  eiauiplc,  il)e  angle  Bx,  a  ^  ia  86°  in  diopside  <^'S  p.  c. 

FeOj  uud  4ti'  in  hedeubergiie  (30  p.  c.  FeO).     'I  liia  is  also  tbown  Id  tbe  cloi«tj  related 

ortburbombicspecieaof  tbe  banie  group.  etiBtalile.  llg&iOi  wilb  lillle  troD.uoO  by  per*!  bene, 

(Hg.Fe^iUi  »'Uli   iron  to  nearly  »0  p.  c.     Willi  I olb  uf  tb'ie  siHiiiei  Ibe  nxiiil  plane  Ib 

-  irallel  to6[010},  but  Ibe  former  is  <i|^ticull]r  + <Ux.  =  c)  nod  Ibe  dispirslnu  p  <«:  tbe  Inner 
opiically  —  (Bx,  =  a)  and  dispersioo   p  >  t.     In   oilier  words,   tlie  nptie  axial   angle 

increases  nipldly  witb  tlie  FuO  jicrceiitiige,  lieitig  nUimi  90*  for  FeO  s  10  p.  c.     lu  Ibe  CiiM 

of  tbe  clirysolltes,  tbe  epidoies,  the  Epeciea  tripbylile  and  litbiiipliilile,  aud  ollitrs,  aualogous 

lelalloDs  bave  been  made  out. 

407.  Optical  Fropertiei  of  Twin  Cry8talB.~Tlie  exuminatiou  of  sections  of 
twin  crystals  of  any  other  than  the  isometric 
syatem  in  polarized  light  serves  to  establish  the 
compound  character  at  once  and  also  to  show  the 
relative  orientation  of  tbe  seTeral  parts.  This  is 
most  distinct  in  the  cose  of  con  tact- twins,  but  is 
also  well  shown  with  penetration- twins,  though 
here  the  parts  are  usually  not  separated  by  a  abiirp 
line. 

Thus  the  examination  of  a  section  parallel  to 
b  (010)  of  a  twin  crystal  of  gypsum,  of  the  type 
of  Fig.  555,  makes  it  easy  not  only  to  establish  toe 
fact  of  the  twinning  but  also  to  fix  the  relative 
positions  of  the  ether-axes  in  tlie  two  parts.  Tho 
measurement  can  in  such  cases  be  made  between 

the  extinction-direct  ion  a  in  the  two  halves,  instead  of  between  one  of  these  and 

some  definite  crystnllograpbic  line,  as  the  vertical  axis. 

Tbe  polysyiitlietic  twiiioiug  nf  ceilain  aiH'cies.  aa  tbe  tncliuic  feldspitrs,  nppearawiih 

great  dial  In  c-tness  in  pobirized  ligbt.    For  example,  in  tbe  case  of  a  section  ofalblte,  parallel 

to  the  biisal  cleavnge.  the  akemuie  bauds  extingulsti  togelber  ... 

and  assume  the  siime  lint  when  tbe  qiinriz  section  Is  inserted. 

Hence  the  angle  betweeti  tbeae  directions  is  easily  ineiiauied, 

and  tbia  is  obviously  double  tlie  extinct  ion-nnglc  mndu  wilb 

tbe  edge  bfe.     A  basal  section  of  microcllDe  in  the  same  way 

■bows  iis  compotiDd  twinning  iicmrding  to  botb  Hie  albile  and 

pericllna    luws,    the    cliaractertatic    grating    structure    being   f 

clearly  revealed  In  iwilarized  ligbt.     Fig.  WW  of  a  aecllon  of   r 

choudrodite  (from  Des  Chiizeaux)  sbowa  bow  I  lie  componnd   | 

strnctiire  Is  shown  by  optlcitl  examination  ;  ilie  piwliion  of  tlie  r 

axial  plane  la  Indirated  in  tbe  case  of  ilie  siio-essive  ]Milyayn-   ' 

thellc  lametlK.     The  complex  i>cnetniiii>n-twinsnf  rlgbl-Hod 

ieft.handed   crystals  oF  quartz   (see   tbe  iIchci  iplion   of    thai 

species)  also  have  llieir  clianicCcr  atriliiugly  revealvd  in  polar- 
ized tiglit. 

Still  again,  Ibe  true  atriictnreof  complex  multiple  twins,  exhibiting  pspudo-syminetiy 

~  •  See  a  recent  paper  by  Pockels,  Jb.  Mlu..  Bell.-Bd,.  8,  117.  1808. 
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tQ  tbelr  exlerual  form,  cao  only  be  fully  made  out  in  thU  wiiy.    Tliia  !■  Itlugtrated  by  ]P^. 

0S7,  a  basal  sectlou  of  an  apporeut  bexacoual  pynmid  of  witberlte  (cf.  Fig.  400,  p.  1S8). 

The  analogous  slx-slded  pymmld  of  bromllie  (Fig.  558j  bu  a  still  more  complei  atructure, 

B67.  BGB.  6M 


Wltherlle.  Bromlile  (Des  Cloizeaux). 

as  ahown  In  Fig.  550.     Fig.  MO  slions  b  simple  crvBtal  at  Btllbtle:  Fig.  661  Ib  tLe  c 
type  of  twia-cryslal.  Bud  Pig  Sffil  illusiralea  liow  the  complex  sivuciure  i\b  010)  is  revealed 
in  pol&riied  ligfaL     Other  nlUBtratlous  are  given  in  Art.  411.     It  will  be  iiaderslood  tbat 


(Lasaidz), 

the  axial  Inlerference-flgures  of  twin  crysCnls.  where  (be  parts  are  siiperpoicd,  nftpn  sbov 
many  peculiBrilles;  the  Airy  spImlH  of  quitrlz  (p.  2U3]  will  serve  as  nn  Ulnar rnili'n 

408.  A  particularly  interesting  case,  related  to  the  subject  dietii'^.     in  the 

precediog  article,  is  that  of  the  special  properties  of  superposed  clci.vflge- 

663.  sections  of  mica,  as  developed  by  Reiisch.*     If  three  or 

more  of  these,  say  of  rectangular  form,  be  snperposed  and 

so  placed  that  the  lines  of  the  nxia!  planes  make  eqnal 

angles  of  60"  (45°,  etc.)  with  each  other  the  effect  is  tbat 

polarized   light   which   has   passed   thrnnph  the  center 

1  suffers  circular  polarization,  with  a  rolntion  to  right  or 

I  left  according  to  the  way  in  which  the  sections  are  built 

■  np.     The  interfere  nee- figure  rPBcnihles  that  of  a  section 

of  quartz  cut  normal  to  the  axis.     This  is  illustrated  in 

Fig.  563. 

If  the  sections  are  numerons  and  very  thin  the  imita- 
tion of  the  phenomena  of  quartz  is  closer.     As  shown  by 
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Sohncke  and  others,  these  facts  throw  much  ligiit  upon  the  ultimate  molecular 
structure  of  a  crystallized  medium  showing  circular  polarization.  Further,  it 
is  easy  from  this  to  understand  how  it  is  possible  to  have  in  sections  of  certain 
crystals  {e.g.,  of  clinochlore)  portions  which  are  biaxial  and  others  that  are  uni- 
axial, the  latter  being  due  to  an  intimate  twinning  after  this  method  of  biaxial 
portions. 

409.  Optical  Properties  of  Cryitalline  Aggregates. — The  special  optical  pbcnomenn  of  the 
diiTerenl  kinds  of  crysiulliue  uggrugutes  (Icscribed  un  pp.  142,  143.  nnd  I  be  extent  to  which 
tbeir  optical  cbiinicters  cud  be  determined  depend  upon  the  distinctness  in  the  developmeut 
of  tlie  iudividuals  und  llieir  reliitive  orientation.  Tbe  case  of  oMioury  gmuular,  tibrous,  or 
colinnnar  aggregates  needs  no  special  discussion.  Where,  however,  the  doubly  refnieting 
grains  nre  extremely  small.  Ibe  microscope  may  hardly  serve  to  do  moie  thau  lo  show  the 
angrigate  polarization  present. 

A  ease  of  specini  iuieresi  is  that  of  spherulites,  that  is,  aggregates  spherical  in  form  and 
radiated  or  concentric  iu  structure:  such  aggregates  occur  wiih  calcite,  various  cliloriies, 
feldspars,  etc.  If  (hey  are  formed  of  a  doubly  refi acting  crystidliue  mineral,  or  of  au 
amorphous  substance  which  lias  birefringeut  characters  due  to  internal  tension,  they  com- 
mtmly  exhibit  a  dark  cross  in  the  microsrope  between  crossed  nicols;  further,  this  cross,  as 
the  section  is  revolved  on  the  stage,  though  actually  stationary,  seems  to  rotate  backward.* 

A  distinct  and  more  special  case  is  that  of  spherical  aggregates  of  a  miuend  opiically 
uniaxial  (or  biaxial  w  iili  a  small  angle)  Sections  of  these  (not  central)  in  parallel  |Mtlari%ed 
light  show  more  or  less  distinctly  the  interference-figure  of  a  uniaxial  crystal. f  The 
objective  must  be  focussed  on  a  point  a  little  removed  from  the  section  ilsilf,  say  on  the 
surface  of  the  sphere  of  which  it  is  a  part.  In  such  aises  the  -f-  cr  —  character  of  the 
double  refraction  can  be  determined  as  usual. 

410.  Change  of  Optical  Character  Indaoed  by  Pressare. — As  the  difference  between  the 
optical  phenomena  exhibited  by  an  isometric  crystal  on  the  one  hand  and  a  uniaxial  or 
biaxial  crystal  on  the  either  is  reterred  to  a  difference  iu  molecular  structure  modifying  the 
properlie.s  of  the  ether,  it  would  be  inferred  that  if  an  amorphous  substance  were  subjected 
to  conditions  tending  to  develop  an  analogous  diUcreuce  in  its  molecular  structure  it  would 
also  show  dotiblv  retracting  properties. 

This  is  found  to  be  the  case.  Glass  which  has  been  suddenly  cooled  fi-om  a  state  of 
fusion,  and  which  is  therefore  characterized  by  strong  int(  rnal  tension,  UFually  shows 
marked  double  refraction.  Further,  glass  plates  subjected  to  great  mechanical  prewure  in 
one  direction  show  in  polarized  liirht  more  or  less  distinct  interference-curves.  Gk'laline 
sections,  also,  under  pressure  exhibit  like  phenomena.  Even  the  strain  in  a  glass  block 
developed  under  the  influence  of  unlike  charges  of  electricity  of  great  difference  of  potential 
on  its  opposite  sides  is  sufficient  to  m.-ike  it  doubly  refracting. 

In  an  analogous  manner,  as  shown  by  Klein,  Bllckinsr,  and  othera.J  the  double  rcfnictlon 
of  a  crystal  may  be  changeci  by  the  appliration  of  mechanical  force.  Klein  found  Hint 
pre'tsure  exerted  normal  lo  the  vertical  axis  of  a  section  of  a  tetragonnl  or  hexagonal  crystal 
which  has  been  cut  1  S,  changes  the  uniaxial  interference- figure  into  a  biaxial,  and  with 
substances  optically  positive,  the  plane  of  the  optic  axes  was  parallel,  and  with  negative 
substances  normal,  to  the  direction  of  pressure. 

The  quartz  crystals  in  rocks,  which  have  been  subjected  to  great  pressure,  are  often  found 
to  be  in  an  abnormal  state  of  tension,  showing  an  undulatory  extinction  in  polarized  light. 

411,  Optical  Anomalies. — Sitice  the  early  investigations  of  Brewster, 
Herscbel,  and  others  (\Slb  et  aeq)  \t  has  been  recognized  that  many  crystals 
exhibit  optical  phenomena  wliich  are  not  in  harmony  with  the  apparent 
symmetry  of  their  external  form.  Crystals  of  many  isometric  species,  as 
analcite,  alum,  boracite,  garnet,  etc.,  often  show  more  or  less  pronounced 
-double  refraction,  and  sometimes  they  are  distinctly  uniaxial  oroiaxial.  A 
section  examined  in  parallel  polarized  light  may  show  more  or  less  sharply 

♦Cf.  Rosenbusch,  Mikr.  Phys.,  68  ftseq.,  1893. 

f  Bertrand.  C.  R..  94,  542.  1882:  Mallard,  Bull,  Soc.  Min.,  4.  67.  1881. 

X  This  subjec'  has  been  discussed  by  various  authors,  amonfi:  whom  (in  recent  years)  ard 
the  following:  Klocke.  Jb.  Min..  2.  249.  1881:  Backing.  Zs.  Krvst.,  7.  55.5.  1888;  Braiins, 
Jb.  Min.,  1,  232.  1886:  Klein.  Ber.  Ak.  Berlin.  724,  1890:  Pockets,  Wied.  Ann..  37,  144^ 
etc.,  1889;  39,  440,  1890;  Jb.  Min.,  Beil.Bd.,  8,  217,  1898.     See  also  literature  on  p.  Ml. 
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defined  doubly  refracting  areas^  or  parallel  bands  or  lamellsB  with  varying- 
extinction.  Occasionally,  as  noted  by  Klein  in  the  case  of  garnet,  while  most 
crystals  are  normally  isotropic,  others  show  optical  characters  which  seem  to 
be  determined  by  the  external  bounding  faces  and  edges;  thus,  a  dodecahedron 
may  appear  to  l>e  mode  up  of  twelve  niombic  pyramids  (biaxial)  whose  apices 
are  at  the  center;  a  hexoctahedron  similarly  may  seem  to  be  made  up  of  forty- 
eight  triangular  pyramids,  etc. 

Similarly,  crystals  of  many  common  tetragonal  or  hexagonal  species,  as 
vesuvianite,  zircon,  beryl,  apatite,  corundum,  chabazite,  etc.,  give  interference- 
figures  resembling  those  of  biaxial  crystals.  Also,  analogous  contradictions 
between  form  and  optical  characters  are  noted  with  crystals  of  orthorhombic 
and  monocliuic  species,  e,g,y  topaz,  natrolite,  orthoclase,  etc.  All  cases  such  as 
those  mentioned  are  embraced  under  the  common  term  of  optical  anomalies. 

This  subject  has  been  minutely  studied  by  many  investigators  in  recent 
years  (see  literature),  and  important  additions  have  been  made  to  it  both  on 
ti)e  practical  and  the  theoretical  side.  The  result  is  that,  though  doubtful 
csises  still  remain,  many  of  the  typical  ones  have  found  a  satisfactory  ex- 
planation.    No  single  theory,  however,  can  be  universally  applied. 

TJie  chief  question  involved  has  been  whether  the  anomalies  are  to  be 
considered  as  secondary  and  non-essential,  or  whether  tiiey  belong  to  the 
inherent  molecular  structure  of  the  crystals  in  question.  On  the  one  hand, 
it  has  been  urged  that  internal  tension  suffices  (Art.  410)  to  call  out  double 
refraction  in  an  isotropic  substance  or  to  give  a  uniaxial  crystal  the  typical 
optical  structure  of  a  biaxial  crystal.  On  the  other  hand,  it  is  equally  clear 
that  twinning  often  produces  pseudo-symmetry  in  external  form,  and  at  the 
same  time  conceals  or  changes  the  optical  characters.  From  the  simplest  case, 
as  that  of  aragonite  (Fig,  397),  we  pass  to  more  complex  cases,  as  witherite 
(Figs.  400,  401,  and  557),  bromlite  (Figs.  658,  559),  phillipsite  (Figs.  362, 
422-424),  which  last  is  sometimes  pseudo-isometric  in  form,  though  optical 
study  shows  the  monoclinic  character  of  the  individuals.*  Reasoning  from 
the  analogy  of  these  last  cjises.  Mallard  was  led  (1876)  to  the  theory  that  the 
optical  anomalies  could  in  most  cases  be  explained  by  the  assumption  of  a 
similar  but  still  more  intimate  grouping  of  molecules  which  themselves  without 
this  would  unite  to  form  crystals  of  a  lower  grade  of  symmetry  than  that  which 
their  complex  twinned  crystals  actually  simulate. 

In  regard  to  the  two  points  of  view  mentioned,  it  seems  probable  that 
internal  tension  (due  to  pressure,  sudden  cooling,  or  rapidity  of  growth,  etc.) 
can  be  safely  appealed  to  to  explain  the  anomalous  optical  character  of  many 
species,  as  diamond,  halite,  beryl,  quartz,  etc.  Again,  it  has  been  fully  proved 
that  tlje  later  growth  of  isomorphous  layers  of  varying  composition  may 
produce  optical  anomalies,  probably  here  also  to  be  referred  to  tension.  Alum 
is  a  striking  example.  The  peculiarities  of  this  species  were  early  invostiirated 
by  Biot  and  made  by  him  the  basis  of  his  theory  of  "lamellar  pohirization,*' 
but  the  present  explanation  is  doubtless  the  true  one.  Fig.  564  (from  Brauns) 
shows  the  appearance  in  polarized  light  of  a  section  ||  o  (1 11)  from  a  crystal  in 
which  the  successive  layers  have  different  composition.  Further,  according  to 
Brauns  the  optical  peculiarities  of  many  other  species  may  be  referred  to  this 
same  cause.  He  includes  here,  particularly,  those  cases  (as  with  some  garnets) 
in  which  the  optical  characters  seem  to  depend  upon  the  external  form,  as 


*  Crysinls  showing  pseudo-symmetry  of  Iiighly  complex  type  are  called  mimetic  crystnls 
by  Tscliermak. 
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noted  above.  Here  belongs  aUo  apophyllite,  a  section  of  which  (from  Golden, 
Colo.,  by  Klein)  is  shown  in  Fig.  565.  The  section  has  been  cut  |  c  (001) 
through  tlie  center  of  the  crystal  and  is  represented  as  it  appears  in  parallel 
polarized  light. 


Apophylllte,  |  001, 


LeucUc,  I  100. 


Another  quite  distinct  but  mogt  important  class  is  that  including  species 
such  as  bonicite  and  leucite,  which  are  dimorphous;  that  is,  those  species 
which  at  a  certain  elevation  of  temperature  (300  for  boracite  and  500°  to  600° 
for  leucite)  become  strictly  isotropic.  Under  ordinary  conditions,  these  species 
are  anisotropic,  but  the  fact  stated  miikes  it  probable  that  originally  their 
crystalline  form  mid  optical  characters  were  in  harmony.  The  relatione  for 
leucite  deserve  to  be  more  minutely  slated. 

Leucite  iiaunlly  shows  very  foebl«  dniible  refniclion  :  iw  =  I'.IOS.  e  =  1-.W9  Tlita 
nnomtilous double  rermcllon.  BHrlynoltil  (lirewstcr.  Biul),  wns  vurioiigly  eiplnlueii.  Id  1BT3, 
RiiIIj,  <m  tbe  InisU  uf  ciirefiil  measuntiiieiit'<,  rprerrcd  Ibc  8['eniiii<.'1y  isometric  crystal s  to  ibe 
lelragoiial  syHleni.  tbe  trnpi-ZDlieilrul  Tncii  112  bdiig  tnltrn  an  111,  and  211,  121  as  421.  241, 
reapeciively:  aUo  101,  Oil  us  301.  021.  Later  Welsbacb  (18S0),  on  tliesnme  j;i'<iuiia.  made 
tliciii  ortborhombic;  Mnllanl.  however,  referred  ibem  (1670).  cbieflj  oti  oplictil  );i'OiiDds,  to 
tbe  miJDiicUnlc  system,  nud  Poiiqii§  and  Lev^  (1B7S)  to  the  tricHiilc.  Tbe  true  symnietiy. 
c(irres!K>ii<liii^  lo  Uie  molecular  stnictiire  wbich  tbev  pOEweM  or  tend  to  posacaa  at  ordinary 
t.in|ieratiires,  is  In  doubt,  bill  ft  ban  been  shown  (Eliln,  Penll<1d)  Ibtit  al  000°  lo  600° 
KClionH  liecrime  isotropic;  and  further  (Roscnbn*ch).  tbat  the  twlniunir  strJiiHonB  disappear 
U11  healing,  to  reiippear  again  in  new  [Kisilion  on  conb'nR  Sectfnns  ordinnrlly  »\iow 
twinulug-rariidlie  1<I(110);  In  some  ruses  a  Wsnciriii  f+)  is  normal  to  wliat  corri'sponds  to 
a  cubic  fiicu.  (lie  axial  angle  beiiisrvery  small.  The  structure  rorreaponds  In  general 
(Klein)  lo  Ibe  inti'rpeuelnitlon  of  three  crysUls.  in  twinnfng  piisiiinn  )  d,  wlilrh  may  be 
eqiniliy  or  unequally  developed;  or  Ib<rt'  may  l>e  one  fiindii mental  individual  wlihlncfoaed 
twfnuiiiit-lamells.  Fig.  566  shows  a  section  of  n  crystal  (1  a.  100)  wblcb  Is  apparently 
made  up  by  tbe  twinning  of  three  Individuals. 

Still  again,  in  a  limited  number  of  cases  it  can  be  shown  that  the  inter- 
growth  of  lamella  having  slightly  different  crystallographii;  orientation  is  the 
cause  of  the  optical  peculiarities.  Prehntte  is  a  conspicnous  example  of 
this  class. 

After  all  the  varions  possible  explanations  have  been  applied  there  still 
remain,  however,  many  species  about  which  no  certain  conrliision  can  bo 
reached.  This  is  true,  for  example,  of  perov.skite.  To  tiianv  of  these  species 
tiie  theory  of  Mallard  may  probably  be  applicnble.  Indeed  it  may  be  added 
thiit  mnon  difference  of  opinion  still  exists  as  to  the  cause  of  the  "optical 
anomalies"  in  a  considerable  number  of  cases. 
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IV.  CHARACTERS   DEPENDING  UPON   HEAT. 

412.  The  more  important  of  the  special  properties  of  a  mineral  species  with 
respect  to  heat  include  the  following:  Fusibility;  conductivity  and  expansion, 
especially  in  their  relation  to  crystalline  structure;  change  in  optical  characters 
with  change  of  temperature;  specific  heat;  also  diathermancy,  or  the  power 
of  transmitting  radiation,  that  is,  ether-waves.     The  full  discussion  of  these 

♦A  complete  bibliograpby  is  given  in  tbe  memoir  by  Brauns  (1891),  see  below. 
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and  other  related  subjects  lies  outside  of  the  range  of  the  present  text-book. 
A  few  brief  remarks  are  made  upon  them,  and  beyond  these  reference  must  be 
made  to  text-books  on  Physics  and  to  special  memoirs,  some  of  which  are  men- 
tioned in  the  literature  (p.  233). 

413.  Fusibility. — The  approximate  relative  fusibility  of  different  minerals 
is  an  important  character  in  distinguishing  different  species  from  one  another 
by  means  of  the  blowpipe.  For  this  purpose  a  scale  is  conveniently  used  for 
comparison,  as  explained  in  the  articles  later  devoted  to  the  blowpij)e.  Accurate 
determinations  of  the  fusibility  are  difficult,  and  though  of  little  importance 
for  the  above  object,  they  are  interesting  from  a  theoretical  standpoint.  They 
have  been  attempted  by  various  authors,  for  example  by  Joly,  who  employed 
the  "meldometer"  for  this  end.  This  consisted  of  a  strip  of  platinum  in 
which  the  mineral  in  powder  was  inclosed;  it  was  heated  to  the  necessary 
point  by  an  electrical  current.  Ho  obtained  tho  following  values  for  the 
minerals  used  in  von  Kobell's  scale  (Art.  474):  Stibnite,  525°;  natrolite,  965**; 
almandite,  1265°;  actinolite,  1290°;  orthoclase,  1175°;  bronzite,  1300°;  also 
for  quartz,  1430°. 

414.  Conductivity. — The  conducting  power  of  different  crystallized  media 
was  early  investigated  by  S^narmont.  lie  covered  the  faces  of  the  substance 
under  investigation  with  wax  and  observed  tho  form  of  the  figure  melted  by  a 
hot  wire  placed  in  contact  with  the  surface  at  its  middle  point.  Later  inyes- 
tigations  have  been  made  by  Kontgen  (who  modified  the  method  of  Senarmont), 
by  Jannettaz,  and  others.  In  general  it  is  found  that,  as  regards  their  thermal 
conductivity,  crystals  are  to  be  divided  into  the  three  classes  noted  on  p.  192. 
In  other  words,  the  conductivity  for  heat  seems  to  follow  tho  same  general  laws 
as  the  propagation  of  light.  It  is  to  be  stated,  however,  that  experiments  by 
S.  P.  Thompson  and  0.  J.  Lodge  have  shown  a  different  rate  of  conductivity  in 
tourmaline  in  the  opposite  directions  of  the  vertical  axis. 

415.  Expansion. — Expansion,  that  is,  increase  in  volume  upon  rise  of 
temperature,  is  a  nearly  universal  property  for  all  solids.  The  increment  of 
volume  for  the  unit  volume  in  passing  from  0°  to  1°  C.  is  called  the  coefficient 
of  expansion.  This  quantity  has  been  determined  for  a  number  of  species. 
Further,  the  relative  expansion  in  different  directions  is  found  to  obey  the 
same  laws  as  the  light-propagation.  Crystals,  as  regards  heat-expansion,  are 
thus  divided  into  the  same  three  classes  mentioned  on  p.  192  and  referred  to 
in  the  preceding  article. 

The  amount  of  expansion  varies  widely,  and,  as  shown  by  Jannettaz,  is 
influenced  particularly  by  the  cleavage.  Mitsoherlich  found  that  in  calcite 
there  was  a  diminution  of  8'  37"  in  tho  angle  of  the  rhombohedron  on  passing 
from  0°  to  100"  C,  the  form  thus  approaching  that  of  a  cube  as  the  tempera- 
ture increased.  The  rhombohedron  of  dolomite,  for  the  same  range  of  tem- 
perature, diminishes  4'  4G";  and  in  aragonite,  for  a  rise  in  temperature  from 
21°  to  100°,  the  angle  of  the  prism  diminishes  2'  46".  In  some  rhombohedrons, 
as  of  calcite,  the  vertical  axis  is  lengthened  (and  the  lateral  shortened),  while 
in  others,  like  quartz,  the  reverse  is  true.  The  variation  is  such  in  both  cases 
that  the  birefringence  is  diminished  with  the  increase  of  temperature,  for 
calcite  possesses  negative  double  refraction,  and  quartz,  positive. 

It  is  to  be  noted  that  in  general  the  expansion  by  heat,  while  it  may  serve 
to  alt(»r  the  angles  of  crystals,  other  than  those  of  the  isometric  system,  does 
not  alter  the  zone-relations  and  the  crystalline  symmetry.  In  certain  cases, 
however,  the  effect  of  heat  may  be  to  give  rise  to  twinning-lnmcllie  (as  in 
anhydrite)  or  to  cause  their  disappearance  (as  in  calcite).     Riirely  heat  serves 


Oeberg. 

Joly.                 Oeberg. 

— . 

Ortboclase                   01809              0*1877 

01291 

Albite                          01988              01976 

— 

Aiiipbibole.  black        0*1068  Augite  0  1880 

01645 

Beryl                           0-2066              01979 

01758 

Calcite            0-2084-0  2044              02042 

0-1801 

Arngouite                    02086                 — 
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to  develop  a  new  molecular  structure;  thus,  as  explained  in  Art.  411,  boracite 
and  leucite,  which  are  anisotropic  at  ordinary  temperatures,  become  isotropic 
when  heated,  the  former  to  300"  the  latter  to  500°  or  tiOO°.  The  change  in 
the  optical  properties  of  crystals  produced  by  heat  has  already  been  noticed 
(Art.  404). 

416.  Specific  Heat. — Determinations  of  the  specific  heat  of  many  minerals 
have  been  made  by  Joly,  by  Oeberg,  and  others.  Some  of  the  results  reached 
are,  as  follows  : 

Joly.- 

Chileiia,  erjfst.  00541 

CiiuU'opyiiie  01271 

Pjriie  01806 

Hematite  0  1683 

GiiriKt.  redcrpst  0'1780-01798 
Epidoie  0-1877 

.  417.  Diathermancy. — Besides  the  slow  molecular  propagation  of  heat  in  a 
body,  measured  by  its  thermal  conductivity,  there  is  also  to  be  considered  the 
rapid  propagation  of  what  is  called  radiant  heat  through  it  by  the  wave- 
motion  of  t]ie  ether  which  surrounds  its  molecules.  This  is  merely  a  part  of 
the  general  subject  of  light-propagation  already  fully  discussed,  since  heat- 
waves, in  the  restricted  sense,  differ  from  light- waves  only  in  their  relatively 
greater  length.  The  degree  of  absorption  exerted  by  the  body  is  measured  by 
its  diathermancy,  which  corresponds  to  transparency  in  light.  In  this  sense 
halite,  sylvite,  and  fluorite  are  higlily  diathermanous,  since  they  absorb  but 
little  of  the  heat-waves  passing  throngh  them;  on  the  other  hand,  seleuite  and, 
still  more,  alum  are  comparatively  ^///ermrtwott.9,  since  while  transparent  to  the 
short  light- waves  they  absorb  the  long  heat-waves,  transforming  the  energy 
into  that  of  sensible  heat.  Measurements  of  the  diathermancy  were  early  maae 
by  Melloni,  later  by  Tyndall,  Langley,  and  others. 
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V.    CHARACTERS   DEPENDING   UPON    ELECTRICITY 

AND    MAGNETISM. 

1.  ELECTRICITY. 

418.  Electrical  Conductivity. — The  subject  of  the  relative  conducting  power 
of  different  minerals  is  one  of  minor  interest.*  In  general  most  minerals, 
except  those  having  a  metallic  luster  among  the  sulphides  and  oxides,  are  non- 
conductors. Only  the  non-conductors  can  show  pyro-electrical  plienomena, 
and  only  the  conductors  can  give  a  thermo-electric  current. 

419.  Frictional  Electricity. — The  development  of  an  electrical  charge  on 
many  bodies  by  frictioti  is  a  familiar  subject.  All  minerals  become  electric  by 
friction,  although  the  degree  to  which  this  is  manifested  differs  widely.  There 
is  no  line  of  distinction  among  minerals,  dividing  them  into  positively  electric 
and  negatively  electric;  for  both  electrical  states  may  be  presented  by  different 
varieties  of  the  same  species,  and  by  the  same  variety  in  different  states.  The 
gems  are  in  general  positively  electric  only  when  polished;  the  diamond,  how- 
ever, exhibits  positive  electricity  whether  polished  or  not.  It  is  a  familiar  fact 
that  the  electrification  of  amber  upon  friction  was  early  observed  (600  B.  C), 
and  indeed  the  Greek  name  (t/XeKxpov)  later  gave  rise  to  the  word  electricity. 

420.  Pyro-electricity. — Tlie  simultaneous  development  of  plus  and  minus 
charges  of  electricity  on  different  parts  of  the  same  crystal  when  its  tempera- 
ture is  suitably  changed  is  called  pyro-electricity.  Crystals  exhibiting  such 
phenomena  are  said  to  be  pyro-electric.  This  phenomenon  was  first  observed 
in  the  case  of  tourmaline,  which  is  rhombohedral-hemimorphic  in  crystalliza* 
tion,  and  it  is  particularly  marked  with  crystals  belonging  to  groups  of  relatively 
low  symmetry,  especially  those  of  the  hemimorphic  type.  It  is  possible,  of 
course,  only  with  non-conductors.  This  subject  was  early  investigated  by 
Riess  and  Kose  (1843),  later  by  Ilankel,  also  by  C.  Friedel,  Kundt,  and  others 
(see  literature). 

In  all  cases  it  is  true  that  directions  of  like  crystal! ographic  symmetry  show 
charges  of  like  sign,  while  unlike  directions  may  exhibit  opposite  charges. 
Substances  not  crystallized  cannot  show  pyro-electricity.  A  few  of  the  many 
possible  examples  will  serve  to  bring  out  the  most  essential  points. 

Boracite  (isometric-tetrahedral,  p.  46)  on  heating  exhibits  +  electricity  on 
one  set  of  tetrahedral  faces  and  —  electricity  on  the  other.     Cf.  Fig.  567. 

Tourmaline  (rhombohedral-hemimorphic,  p.  79)  shows  opposite  charges  at 
the  opposite  extremities  of  the  vertical  axis  corresponding  to  its  hemimorphic 
crystallization.  In  this  and  in  other  similar  cases,  the  extremity  which 
becomes  positive  on  heating  has  been  called  the  analogous  pole,  and  that  which 
becomes  negative  has  been  called  the  antilogous  pole. 

Calamine  and  struvite  (orthorhombic-hemimorphic,  p.  95)  exhibit  phenom- 
ena analogous  to  these  of  tourmaline. 

Quartz  (rhomboliedral-trapezohedral,  p.  82)  shows  +  electricity  on  heating 
at  the  three  alternate  prismatic  edges  aijd  —  electricity  at  the  three  remaining 
edires;  the  distribution  for  right-handed  crystals  is  opposite  to  that  of  left- 
lianded.     Twins  may  exhibit  a  high  degree  of  com})lexity.     Cf.  Figs.  568,  569. 

Axinite  (triclinic,  p.  107),  when  heated  to  120°  or  130°,  has  an  analogous 
pole  (Uiess  &  Rose)  at  the  solid  angle  rxW;  the  antilogous  pole  at  the  angle 
vir'M'  near  plane  ;/, 

A  very  convenient  and  simple  method  for  investigating  the  phenomena  is 

*  Ou  the  conductivity  of  minerals,  sec  Beijeriuck,  Jb.  Min.,  Bcil.-Bd.  11,  408,  1898. 
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the  following,  which  is  due  to  Kundt:  First  heat  the  crystal  or  section  care- 
fully in  an  air-bath ;  pass  it  several  times  through  the  flame  of  an  alcohol 
lamp  and  then  place  it  on  a  little  upright  cylinder  of  brass  to  cool.  While 
cooling,  a  mixture  of  red  lead  and  sulphur  finely  pulverized  and  previously 
agitated  is  dusted  over  it  through  a  fine  cloth  from  a  suitable  bellows.     The 


667. 


668. 


669. 


positively  electrified  red  lead  collects  on  the  parts  having  a  negative  charge, 
and  the  negatively  electrified  sulphur  on  those  with  a  positive  charge.  This  is 
illustrated  by  Figs.  5G7-569,  and  still  better  bv  the  illustrations  given  by  Kundt 
and  others.    (Cf.  Plate  III  of  Groth,  Phys.  ifryst.,  1895.) 

421.  Piezo-electricity. — The  name  piezO'electricity  has  been  given  to  the 
development  of  electrical  charges  on  a  crystallized  body  by  pressure.  This  is 
shown  by  a  cleavage- mass  of  calcite,  also  by  topaz.  This  phenomenon  is  most 
interesting  where  a  relation  can  be  established  between  the  electrical  excite- 
ment and  tlie  molecular  structure,  as  is  conspicuously  true  with  quartz,  tour- 
maline, and  some  other  species. 

This  subject  has  been  investigated  by  Ilankel,  Curie,  and  others,  and 
discussed  theoretically  by  Lord  Kelvin  (see  literature).  Hankel  has  also 
employed  the  term  acti no-electric iti/,  or,  better,  photo-electricity y  for  the  phenom- 
enon of  calling  out  of  an  electrical  condition  by  the  influence  of  direct  radia- 
tion ;  fluorite  is  a  conspicuous  example. 

422.  Eontgjen-rays  in  Mineralogy. — The  power  of  different  minerals  to 
transmit  the  so-called  X-rays,  or  Ron tgen -rays,  emitted  from  a  suitable  vacuum- 
tube  during  the  discharge  of  an  induction-coil  has  been  investigated  by 
Doelter*  He  has  found,  for  example,  that  sulphur,  beryl,  epidote,  pyrite,  etc., 
are  nearly  opaque;  tourmaline  less  so;  fluorite  transmits  the  rays  slightly,  the 
feldspars  and  quartz  better;  corundum  is  nearly  transparent  and  diamond  and 
graphite  are  highly  so.  Diamond  is  easily  distinguished  in  this  way  from  its 
imitations,  which  are  relatively  highly  opaque. 

423.  Thermo-electricity. — The  contact  of  two  unlike  metals  in  general 
results  in  electrifying  one  of  them  positively  and  the  other  negatively.  If, 
further,  the  point  of  contact  be  heated  while  the  other  parts,  connected  with 
a  wire,  are  kept  cool,  a  continuous  current  of  electricity — shown,  for  example, 
by  a  suitable  galvanometer — is  set  up  at  the  expense  of  the  heat-energy  sup- 
plied. If,  on  the  other  hand,  the  point  of  junction  is  cooled,  a  current  is  set 
up  in  the  reverse  direction.  This  phenomenon  is  called  therino  -  elect  ricity^ 
and  two  metnls  so  connected  constitute  a  thermo-electric  couple.  Further  it 
is  found  that  different  conductors  can  be  arranged  in  order  in  a  table — a  so- 


♦  Jb.  Min.,  2,  87.  1896 ;  1,  256,  1897.    Also  Goodwiu,  Nature,  April  30,  1896. 
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called  thermo-electric  series — according  to  the  direction  of  the  current  set  up 
on  heating  and  according  to  the  electromotive  force  of  this  current.  Among 
the  metalSy  bismuth  (-|--)  &nd  antimony  (— )  stand  at  the  opposite  ends  of  the 
series;  the  current  passes  through  the  connecting  wire  from  antimony  to 
bismuth. 

This  subject  is  so  far  important  for  mineralogy,  as  it  was  shown  by  Bunsen 
that  the  natural  metallic  sulphides  stand  farther  off  in  the  series  than  bismuth 
and  antimony,  and  consequently  by  them  a  higher  electromotive  force   is 

S reduced.  The  thermo-electrical  relations  of  a  large  number  of  minerals  were 
etermined  by  Flight. 
It  was  early  observed  that  some  minerals  have  varieties  which  are  both  + 
and  — .  Rose  attempted  to  establish  a  relation  between  the  plus  and  minus 
pyritohednil  forms  of  pyrite  and  cobaltite,  and  the  positive  or  negative  thermo- 
electrical  character.  Later  investigations  by  Schrauf  and  Dana  have  shown, 
however,  that  the  same  peculiarity  belongs  also  to  glaucodot,  tetradymite, 
skutterudite,  danaite,  and  other  minerals,  and  it  is  demonstrated  by  them  that 
it  cannot  be  dependent  upon  crystalline  form,  but  rather  upon  chemical 
composition. 
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2.  Magnetism. 

424.  Magnetic  Minerals.  Natural  Magnets  —A  few  minerals  in  their  natural 
state  are  capable  of  beinii^  attracted  by  a  strons^  steel  niajrnot;  they  are  said  to 
be  nuignetir.  This  is  coiispiciionsly  true  of  niasrnetite,  the  magnetic  oxide  of 
iron;  also  of  pyrrhotito  or  magnetic  pyrites,  and  of  some  varieties  of  native 
platinum  (especially  the  variety  called  iron-platinum). 

A  number  of  other  minerals,  as  hematite,  franklinite,  etc.,  are  in  some 
cases  attracted  by  a  steel  magnet,  but  probably  in  most  if  not  all  cases  because 


louche 


*  See  Liebisch.  Phy8.  Kryj^tallograpliie.  1891,  for  a  fnll  disrnsaion  of  the  topics  briefly 
ched  upon  in  the  preceding  pages,  also  for  references  to  original  articles. 
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of  admixed  magnetite  (bet  see  Art.  426).  Occasional  varieties  of  tbe  three 
minerals  mentioned  above,  as  the  lodestoue  variety  of  magnetite,  exhibit  them- 
selves the  attracting  power  and  polarity  of  a  true  magnet.  They  are  then 
called  natural  viagnets.  In  such  cases  the  magnetic  polarity  has  probably 
been  derived  from  the  inductive  action  of  the  earth,  which  is  itself  a  huge 
magnet. 

425.  Paramagnetism.  Biamagnetism. — In  a  very  strong  magnetic  field,  as 
that  between  the  poles  of  a  very  powerful  electromagnet,  all  minerals,  as 
indeed  all  other  substances,  are  influenced  by  the  magnetic  force.  According 
to  their  behavior  they  are  divided  into  two  classes,  the  paramagnetic  and 
diicnuignelic;  those  of  the  former  appear  to  be  attracted,  those  of  the  latter  to 
be  repelled.  For  purposes  of  experiment  the  substance  in  question,  in  the  form 
of  a  rod,  is  suspended  on  a  horizontal  axis  between  the  poles  of  the  magnet. 
If  paramagnetic,  it  takes  a  position  parallel  to  the  magnetic  axis;  if  diamngnetic, 
it  sets  transversely  to  it.  Iron,  cobalt,  nickel,  manganese,  platinum  are 
paramagnetic;  silver,  copper,  bismuth  are  diamagnetic.  Among  minerals 
compounds  of  iron  are  paramagnetic,  as  siderite,  also  diopside;  further  beryl, 
dioptase.     Diamagnetic  species  include  calcite,  zircon,  wulfenite,  etc. 

By  the  use  of  a  sphere  it  is  possible  to  determine  the  relative  amount  of 
magnetic  induction  in  different  directions  of  the  same  substance.  Experiment 
has  shown  that  in  isometric  crystals  the  magnetic  induction  is  alike  in  all 
directions;  in  those  optically  uniaxial,  that  there  is  a  direction  of  maximum 
and,  normal  to  it,  one  of  minimum  magnetic  induction;  in  biaxial  crystals, 
that  there  are  three  unequal  magnetic  axes,  the  position  of  which  may  be 
determined.  In  other  words,  the  m.ignetic  relations  of  the  three  classes  of 
crystals  are  analogous  to  their  optical  relations. 

426.  Corresponding  to  the  facts  just  stated,  that  all  compounds  of  iron  are 
paramagnetic,  it  is  found  that  a  sufficiently  powerful  electromagnet  attracts 
all  minerals  containing  iron,  though  except  in  tlie  cases  given  in  Art.  424  a 
bar  magnet  has  no  sensible  influence  upon  them;  hence  the  eflSciency  of  thjB 
electromagnetic  method  of  separating  ores. 

Plucker*  determined  the  magnetic  attraction  of  a  number  of  substances 
compared  with  iron  taken  as  100,000.  For  example,  for  magnetite  he  obtained 
40,227;  for  hematite,  crystallized,  533,  massive,  134;  limonite,  71;  pyrite,  150. 
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VI.  TASTE   AND  ODOR. 

In  their  action  upon  the  senses  a  few  minerals  possess  iaste,  and  others 
under  some  circumstances  give  off  odor. 

427.  Taste  belongs  only  to  soluble  minerals.  The  different  kinds  of  taste 
adopted  for  reference  are  as  follows: 

1.  Astringent :  the  taste  of  vitriol. 

2.  Sioeetish  astringent:  taste  of  alum. 

3.  Saline :  taste  of  common  salt. 

4.  Alkaline:  taste  of  soda. 

5.  Cooling :  taste  of  saltpeter. 

6.  Bitter:  taste  of  Epsom  salts. 

7.  Sotir :  taste  of  sulphuric  acid. 

428.  Odor. — Excepting  a  few  gaseous  and  soluble  species,  minerals  in  the 
dry  unchanged  state  do  not  give  off  odor.  By  friction,  moistening  with  the 
breath,  and  the  elimination  of  some  volatile  ingredient  by  heat  or  acids,  odors 
are  sometimes  obtained  which  are  thus  designated: 

1.  Alliaceous:  the  odor  of  garlic.  Friction  of  arsenical  iron  elicits  this 
odor;  it  may  also  be  obtained  from  arsenical  compounds  by  means  of  heat. 

2.  Horse-radish  odor:  the  odor  of  decaying  horse-radish.  This  odor  is 
strongly  perceived  when  the  ores  of  selenium  are  heated. 

3.  StUphurous :  friction  elicits  this  odor  from  pyrite,  and  heat  from  many 
sulphides. 

4.  Bituminous:  the  odor  of  bitumen. 

5.  Fetid :  the  odor  of  sulphureted  hydrogen  or  rotten  eggs.  It  is  elicited 
by  friction  from  some  varieties  of  quartz  and  limestone. 

6.  Argillaceous :  the  odor  of  moistened  clay.  It  is  obtained  from  serpent- 
ine and  some  allied  minerals,  after  moistening  them  with  the  breath ;  others, 
as  pyrargillite,  afford  it  when  heated. 

429.  Feel. — The  feel  is  a  character  which  is  occasionally  of  some  import- 
ance; it  is  said  to  be  smooth  {%Q^\o\\te),  gi'easy  {ttXo),  harsh,  ot  meager,  Bic. 
Some  minerals,  in  consequence  of  their  hygroscopic  character,  adhere  to  the 
tongue  when  brought  in  contact  with  it. 
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GENERAL  PRINCIPLES  OF  CHEMISTRY  AS  APPLIED 

TO  MINERALS. 

430.  Miuerals^  as  regards  their  chemical  constitution,  are  either  the 
nncombined  elements  in  a  native  state,  or  definite  compounds  of  these  elements 
formed  in  accordance  with  chemical  laws.  It  is  the  object  of  Chemical  Min- 
eralogy to  determine  the  chemical  composition  of  each  species;  to  show  the 
chemical  relations  of  diiferent  species  to  eacli  other  where  such  exist;  and  also 
to  explain  the  methods  of  distinguishing  different  minerals  by  chemical  means. 
It  thus  embraces  the  most  important  part  of  Determinative  Mineralogy. 

In  order  to  understand  the  chemical  constitution  of  minerals,  some  knowl- 
edge of  the  fundamental  principles  of  Chemical  Philosophy  is  required;  and 
these  are  here  briefly  recapitulated. 

431.  Chemical  elements. — Chemistry  recognizes  about  seventy  substances 
which  cannot  be  decomposed,  or  divided  into  others,  by  any  process  of 
analysis  at  present  known;  these  substances  are  called  the  chemical  elements. 
A  list  of  them  is  given  in  a  later  article  (436);  common  examples  are: 
Oxygen,  nitrogen,  hydrogen,  chlorine,  gold,  silver,  sodium,  etc. 

432.  Atom.  Molecule. — The  study  of  the  chemical  properties  of  substances 
and  of  the  laws  governins:  their  formation  has  led  to  the  belief  that  there  is 
for  each  element  a  definite,  indivisible  mass,  which  is  the  smallest  particle 
which  can  play  a  part  in  chemical  reactions;  this  indivisible  unit  is  called  the 
atom. 

With  some  rare  exceptions,  the  atom  cannot  exist  alone,  but  unites  by  tho 
action  of  what  is  called  chemical  force,  or  chemical  affinity,  with  other  atoms 
of  the  same  or  different  kind  to  form  the  molectfle.  The  molecule,  in  the 
chemical  sense,  may  be  defined  as  the  smallest  particle  into  which  a  given 
kind  of  substance  can  he  subdivided  without  underp^oing  chemical  decomposi- 
tion. For  example,  two  atoms  of  hydrogen  unite  to  form  a  molemde  of 
hydrogen  gas.  Again,  o?je  atom  of  hydrogen  and  one  of  chlorine  form  a  mole- 
cule of  hydrochloric  acid  gas;  two  atoms  of  liydrogen  and  one  of  sulphur  form 
a  molecule  of  the  gas  hydrogen  sulphide. 

433.  Physical  Molecules. — An  important  distinction  must  be  made  between 
the  simple  chemical  molecules,  regarded  as  made  up  of  the  smallest  possible 
number  of  the  atoms  of  each  kind,  united  in  the  given  proportion,  and  the 
actual  physical  molecules  which  together  build  up  the  structure  of  a  particular 
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Of  the  elements,  oxygen,  hydrogen,  nitrogen,  chlorine,  and  fluorine  are 
gases;  bromine  is  a  volatile  liquid;  mercury  is  also  a  liquid,  but  the  others 
are  solids  under  ordinary  conditions. 


Symbol. 

At.  WeiKht.    . 

Symbol. 

At.  Weight 

Aluminium,  Alumioum 

Al 

27 

Manganese 

Mn 

548 

Aiitimouy  (Stilnum) 

Sb 

120 

Mercury  (Hydrargyrum) 

Hg 

199-8 

A  rgoii 

A 

39  9 

Molybdenum 
Nickel 

Mo 

96 

Arstuic 

As 

74-9 

Ni 

58-6 

Barium 

Bu 

137 

Niobium 

Nb 

93-7 

Beryllium 

Be  (or 

Gl)    91 

Nitrogen 

N 

14 

BismulLi 

Hi 

207-5 

Usmium 

Os 

191 

IjoroD 

B 

10-9 

Oxygen 

0 

16 

Bromine 

Br 

79-8 

Palladium 

Pd 

106  3 

Cadmium 

Cd 

111-7 

Phosphorus 

P 

81 

Caesium 

Cs 

58-7 

Platinum 

Pt 

1943 

Calcium 

Ca 

39-9 

Potassium  (KcUium) 

E 

89 

Carbon 

C 

12 

Rhodium 

Rh 

1041 

Cerium 

Ce 

141            1 

Rubidium 

Rb 

85-3 

Chlorine 

CI 

35-4 

Ruthenium 

Ru 

103-5 

Chromium 

Cr 

52-5 

Scandium 

So 

44 

Cobalt 

Co 

68-7 

Selenium 

Se 

789 

Columbium,  see  Niobium 

• 

Silicon 

SI 

28 

Copper  (Cuprum) 

Cu 

632 

Silver  (Argentum) 

Ag 

107-7 

Didymium 

Di 

142 

Sodium  (Natrium) 

Na 

23 

Erbium 

Er 

166 

Strontium 

Sr 

87-8 

Fluorine 

F 

191 

Sulphur 

S 

33 

GHllium 

Ga 

69-9 

Tantalum 

Ta 

183 

Germanium 

Ge 

73-3 

Tellurium 

Te 

125 

Glucinum,  ?ee  Beryllium 

• 

Thallium 

Tl 

203-7 

Gold  (Aurum) 

Au 

196-7 

Thorium 

Th 

233 

Helium 

He 

4-4 

Tin  (Stannum) 

Sn 

117-4 

Hydrogen 

H 

1 

Titanium 

Ti 

48 

Indium 

In 

113-4 

Tungsten  ( Wofframium) 

W 

183-6 

Imline 

I 

128  5 

Uranium 

U 

240 

Iridium 

Ir 

192-5 

Vanadium 

V 

51-1 

Iron  (Fei'Tum) 

Fe 

559 

Ytterbium 

Yt 

172-6 

Ltmthanum 

La 

138 

Yttrium 

Y 

89 

Lead  (Plumbum) 

Pb 

206  4 

Zinc 

Zn 

651 

Lithium 

Li 

7 

Zirconium 

Zr 

904 

Magnesium 

Mg 

24 

437.  Metals  and  Non-metaLi. — The  elements  may  be  divided  into  two  more 
or  less  distinct  classes,  the  metals  and  the  non-metals.  Between  tlie  two  lie  a 
number  of  elements  sometimes  called  the  semi-metals.  The  metals,  as  gold, 
silver,  iron,  sodium,  are  those  elements  Vih\ch, physically  described,  possess  to  a 
more  or  less  perfect  degree  the  fundamental  characters  of  the  ideal  metal,  viz.: 
malleability,  metallic  luster  (and  opacity  to  light),  conductivity  for  heat  and 
electricity;  moreover,  cheviically  described,  they  commonly  play  the  part  of 
the  positive  or  basic  element  in  a  simple  compound,  as  later  defined  (Arts. 
446-449).  The  non-metals,  as  sulphur,  carbon,  silicon,  etc.,  also  the  gases,  as 
oxygen,  chlorine,  etc.,  have  none  of  the  physical  characters  alluded  to:  they 
are,  if  solids,  brittle,  often  transparent  to  light-radiation,  are  poor  conductors 
for  heat  and  electricity.  Chemically  expressed,  they  usually  play  the  negative 
or  acid  part  in  a  simple  compound. 

The  so-called  semi-metnls,  or  metalloids,  include  certain  elements,  as 
tellurium,  arsenic,  antimony,  bismuth,  which  have  the  physical  characters  of 
a  metal  to  a  less  perfect  degree  {e.g.,  they  are  more  or  less  brittle);  and,  more 
important  than  this,  they  often  jday  the  j)art  of  the  acidic  element  in  the 
compound  into  which  they  enter.     These  points  are  illustrated  later. 
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mass  of  matter.  These  physical  molecules  may  be  much  more  complex,  each 
being  made  up  of  a  number  of  chemical  molecules  but  necessar-ily  containing 
the  respective  atoms  in  the  same  proportion.     In  the  case  of  a  gas,  it  is  always 

Possible  to  determine  the  constitution  of  the  molecule,  as  is  explained  later, 
ut  in  the  case  of  liquids  and  solids  this  is  in  geneml  impossible. 

For  example,  it  is  certain  that  a  molecule  of  water  vapor  consists  of  two 
atoms  of  hydrogen  and  one  atom  of  oxygen,  but  the  molecules  of  water  which 
unite  to  build  up  a  snow  crystal,  though  containing  the  atoms  of  the  two 
elements  hydrogen  and  oxygen  in  the  same  proportion,  may  be  highly  con)plex, 
as  if  made  up  of  many  gas  molecules.  Since  it  is  in  general  impossible  in  the 
case  of  solids  to  fix  the  constitution  of  the  actual  molecule,  it  is  usually  better 
to  regard  it  as  a  chemical  molecule  of  the  simplest  possible  form. 

434.  Atomic  Weight. — The  atomic  weight  of  an  element  is  the  weight,  or, 
better  expressed,  the  mass  of  its  atom  compared  with  that  of  the  element 
hydrogen  taken  as  the  unit.  Thus  the  mass  of  an  atom  of  oxygen  is  very 
nearly  sixteen  times  that  of  the  atom  of  hydrogen  (exactly  15'96),  and  hence 
this  number  is  called  the  atomic  weight  of  oxygen.  Of  the  methods  by  which 
the  relation  between  the  masses  of  the  atoms  is  determined  it  is  unnecessary 
here  to  speak;  the  results  that  have  been  obtained  are  given  in  the  table  on 
p.  241. 

435.  Symbol.  Formula. — The  symbol  of  an  element  is  the  initial  letter,  or 
letters,  often  of  its  Latin  name,  by  which  it  is  represented  when  expressing  in 
chemical  notation  the  constitution  of  substances  into  the  composition  of  which 
it  enters.  Thus  0  is  the  symbol  of  oxygen,  H  of  hydrogen,  CI  of  chlorine, 
Fe  (from  ferrum)  of  iron,  Ag  (from  argeiUum)  of  silver,  etc.  Further,  this 
symbol  is  always  understood  to  indicate  that  definite  amount  of  the  given 
element  expressed  by  its  atomic  weight;  in  other  words,  it  represents  one 
atom.  If  twice  this  quantity  is  involved,  that  is,  two  atoms,  this  is  indicated 
by  a  small  subscript  number  written  immediately  after  the  symbol.  Thus, 
Sb^S,  means  a  compound  consisting  of  two  atoms  of  antimony  and  three  of 
sulphur,  or  of  2  X  120  parts  by  weight  of  antimony  and  3  X  32  of  sulphur. 

This  expression,  Sb,S, ,  is  called  t\\Q  formula  of  the  given  compound,  since 
it  expresses  in  briefest  form  its  composition.  Similarly  the  formula  of  the 
mineral  albite  is  NaAlSi.O,. 

Strictly  speaking,  such  formulas  are  merely  empirical  formulaSy  since  they 
express  only  the  actual  result  of  analysis,  as  giving  the  relative  number  of 
atoms  of  each  element  present,  and  make  no  attempt  to  represent  the  actual 
constitution.  A  formula  developed  with  the  latter  object  in  view  is  called  a 
rational,  structural,  or  constitutional  formula  (see  Art.  453). 

436.  Table  of  the  Elements.— The  following  table  gives  a  list  of  all  the 
definitely  established  elements  with  their  accepted  symbols  and  also  their 
atomic  weights.* 

Of  the  elements  given  in  this  list — about  seventy  in  all — only  a  very 
small  number,  say  twelve,  play  an  important  part  in  making  up  the  crust  of 
the  earth  and  the  water  and  air  surrounding  it.  The  common  elements  con- 
cerned in  the  composition  of  minerals  are :  Oxygen,  sulphur,  silicon,  aluminium, 
iron,  calcium,  magnesium,  sodium,  potassium.  Besides  these,  hydrogen  is 
present  in  water,  nitrogen  in  the  air,  and  carbon  in  all  animal  ana  vegetable 
substances.  Only  a  very  few  of  the  elements  occur  as  such  in  nature,  as 
native  gold,  native  silver,  native  sulphur,  etc. 

*  Thi*8e  correspond  in  value  to  tliose  commonly  acc(*pte(l,  and  nre  given  ncciimte  to  oue 
decimal  place.    In  strict  cheoiical  sense  tlie  Htouuc  weight  of  oxygen  is  15*96,  etc. 
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Hydrogen  Compounds. 


Fe    Co    Ni    Cu 


Ru    Rh    Pb    Ag 


Os    If    Pt    Ag 


£t       -        - 


Higher  Oxides 
R0« 


reference  may  be  made  to  the  isomorphism  of  the  carbonates  and  sulphates 
(p.  250)  of  calcium,  barium,  and  strontium;  while  among  the  sulphides,  ZnS, 
CaS,  and  HgS  are  doubly  related.  In  the  third  group,  we  find  boron  and 
aluminium  oiten  replacing  one  another  among  silicates.  In  the  fourth  group, 
the  relations  of  silicon  and  titanium  are  shown  in  the  titano-silicates,  while 
the  compounds  TIG,,  SnO,,  PbO,  (and  MnO,),  also  ZrSiO,  and  ThSiO,,  have 
closely  similar  form.  In  the  fifth  group,  many  compounds  of  arsenic,  antimony, 
and  bismuth  are  isomorphous  among  metallic  compounds,  while  the  relations 
of  phosphorus,  vanadium,  arsenic,  also  antimony,  are  shown  among  the 
phosphates,  vanadates,  arsenates,  and  antimonates;  again  the  mutual  relations 
of  the  niobates  and  tantalates  are  to  be  noted. 

In  the  sixth  gi'oup,  the  strongly  acidic  elements,  sulphur,  selenium, 
tellurium,  are  all  closely  related,  as  seen  in  many  sulphides,  selenides,  tellurides; 
further,  the  relations  of  sulphur  and  chromium,  and  similarly  of  both  of  these 
to  molybdenum  and  tungsten,  are  shown  among  many  artificial  sulphates, 
chromates,  molybdates,  and  tungstates. 

In  the  seventh  group  the  relations  of  the  halogens  are  too  well  understood 
to  need  special  remark.  In  the  eighth  group,  we  have  Fe,  Co,  Ni  alloyed  in 
meteoric  iron,  and  their  phosphates  and  sulpnates  are  in  several  cases  closely 
isomorphous;  further,  the  relation  of  the  iron  series  to  that  of  the  platinum 
series  is  exhibited  in  the  isomorphism  of  FeS,,  FeAsS,  FeAs,,  etc.,  with  PtAs, 
and  probably  RuS,. 

^0.  Combining  Weight. — Chemical  investigation  proves  that  the  mass  of 
a  given  element  entering  into  a  compound  is  always  proportional  either  to  its 
atomic  weight  or  to  some  simple  multiple  of  this;  the  atomic  weight  is  hence 
also  called  the  combining  weight.  Thus  in  rock  salt,  sodium  chloride,  the 
masses  involved  of  sodium  and  chlorine  present  are  found  by  analysis  to  be 
equal  to  39*4  and  60*6  in  100  parts,  and  these  numbers  are  in  proportion  to 
j}3  ;  35%  the  atomic  weights  of  sodium  and  chlorine;  hence  it  is  concluded 
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that  one  atom  of  each  is  present  in  the  compound.  The  formula  is,  therefore, 
NaCI.  In  calcium  chloride,  by  the  same  method  the  masses  present  are  found 
to  be  proportional  to  39  9  :  70*8,  that  is,  to  39 '9  =  2  X  35'4;  hence  the  formula 
is  CaCl,. 

Still  ugaiii.  a  series  of  compouads  of  nitrogen  with  oxygen  is  known  in  wliicli  the  ratios 
of  tlie  miisses  of  tiie  two  elements  are  as  follows:  (1)  28: 16.  (2)  14: 16.  (8)  28:48.  (4)  14:32, 
i5)  28 :  80.  It  is  seen  at  once  that  these  must  have  the  formulus  (1)  NsO.  (2)  NO.  (3)  N,Os, 
(4)  NOs.  (5)  N9O5.  On  the  contrary,  atmospheric  air  which  conUiius  these  elcmeuia  ia 
about  tlie  ratio  of  76*8  to  23  2  cannot  be  a  chemical  compound  of  these  elenieulti,  since 
(aside  from  other  considerations)  these  uumbei-s  are  not  in  the  ratio  of  n  X  14 :  m:  16  wbere 
n  and  m  are  simple  whole  numbers. 

441.  Molecular  Weight. — The  molecular  weight  is  the  weight  of  the  mole- 
cule of  the  given  substance,  expressed  in  terms  of  the  mass  of  the  hydrogen 
atom  as  unit.  The  molecular  weight  of  hydrogen  is  2  because  the  molecule 
can  be  shown  to  consist  of  two  atoms.  The  molecular  weight  of  hydrochloric 
acid  (HCl)  is  36*4,  of  water  vapor  (H,0)  it  is  18,  of  hydrogen  sulphide  (H,S) 
it  is  34. 

Since,  according  to  the  law  of  Avagadro,  like  volumes  of  different  gases 
under  like  conditions  as  to  temperature  and  pressure  contain  the  same  number 
of  molecules,  it  is  obvious  that  the  molecular  weight  of  substances  in  the  form 
of  gas  can  be  derived  directly  from  the  relative  density  or  specific  gravity. 
If  the  density  is  referred  to  hydrogen,  whose  molecular  weiglit  is  2,  it  will 
be  always  true  that  the  molecular  weight  is  twice  the  density  in  the  state  of  a 
gas  and  vice  versa.  Thus  the  observed  density  of  carbon  dioxide  (CO,)  is  *^2, 
hence  its  molecular  weight  must  be  44.  It  is  this  principle  that  makes  it 
possible  in  the  case  of  a  gas  to  fix  the  constitution  of  the  molecule  when  the 
ratio  in  number  of  the  atoms  entering  into  it  has  been  determined  by  analysis. 
In  the  case  of  solids,  where  the  constitution  of  the  molecule  in  general  cannot 
be  fixed,  it  is  best,  as  already  stated,  to  write  the  molecular  formula  in  its 
simplest  form,  as  NaAlSi^O,  for  albite.c  .The  sum  of  the  weights  of  the  atoms 
present  is  then  taketi  as  the  molecular  weight.      ^fX-  ^ 

442.  Valence. — The  valence  of  an  element  is  given  by  the  number  of  its 
atoms  which  are  required  to  unite  with  one  unit  atom,  as  of  hydrogen  or 
chlorine.  Thus,  using  the  examples  of  Art.  440,  in  NaCl,  since  one  atom  of 
sodium  unites  with  one  of  chlorine,  its  valence  is  one;  or  in  other  words,  it  is 
said  to  be  univalent,  and  is  called  a  monad.  Further,  calcium  (as  in  CaCl^), 
also  barium,  etc.,  are  bivalent;  gold  is  (usually)  trivalent;  tin  is  tetravalent, 
etc.  The  valence  may  bo  expressed  by  the  number  of  bonds  by  which  one 
element  in  a  compound  is  united  to  another,  thus: 

Na-Cl,  Ba=Cl,,  Au=Cl„  Sn^Cl,,  etc. 

The  valences  of  the  common  elements,  expressed  by  their  symbols,  are 
as  follows : 

Univalent:  H,  CI,  Br,  I,  P;  Li,  l^^a,  K,  Kb,  Cs,  Ag. 

Bivalent:  0,  S,  Se,  Te;  Be,  Mg,  Ca,  Sr,  Ba,  Pb,  Hg,  Cu,  Zn,  Co,  Ni. 

Trivalent:  B,  Au;  probablv  also  Al,  Fe,  Mn,  Cr. 

Tetravalent:  C,  Si,  Ti,  Zr,  &n. 

Pentavalent:  N,  P,  As,  Sb,  V,  Bi,  Nb,  Ta. 

The  above  list,  though  convenient  for  reference,  is  not  to  be  taken  as  com- 
plete or  final.  A  considerable  number  of  the  elements  show  a  different  valence 
indifferent  oonipoiinds  Thus  both  Sb,0,  and  Sb,0^  are  known;  also  FoS, 
Fe,0,  and  FeS,;  Cn,Cl,.  CuCl,,  and  similarly  Cu,S(Cti,0)  and   CuS(CnO)» 
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etc.  In  certain  cases  the  composition  of  two  compounds  of  the  same  elements 
may  be  made  consistent  with  each  other,  by  an  assumption  as  to  the  possible 
grouping  of  the  atoms.  Thus  in  cupric  chloride,  CuCl,,  or  cupric  oxide,  CuO, 
copper  is  bivalent  as  usual.  But  the  cuprous  compounds^  Cu,Cl,  and  Cu.O, 
also  occur,  and  for  them  the  formulas  may  be  written 

Cl-Cu-Cu-Cl        and        (Cu-Cu)=0. 

Again,  the  elements  Al,  Fe,  Mn,  Cr,  which  form  the  compounds  AlCl,,  A1,0,, 
etc.,  are  sometimes  called  tetravaleut  and  the  formula  of  the  oxide  written,  for 
example,  ( Al  =  Al)  =  0,. 

443.  Chemical  Reactions. — When  splutions  of  two  chemical  substances  are 
brought  together,  in  many  cases  they  react  upon  each  otlier  with  the  result  of 
forming  new  compounds  out  of  the  elements  present;  this  phenomenon  is 
called  a  chemical  reaction.  One  of  the  original  substances  may  be  a  gas,  and 
in  many  cases  similar  results  are  obtained  from  a  liquid  and  a  solid,  or  less 
often  from  two  solids. 

For  example,  solutions  of  sodium  chloride  (NaCl)  and  silver  nitrate 
(AgNO,)  react  on  each  other  and  yield  silver  chloride  (AgCH  and  sodium 
nitrate  (NaNO,).     This  is  expressed  in  chemical  language  as  follows: 

NaCl  +  AgNO,  =  AgCl  +  NaNO,. 

This  is  a  chemical  equation,  the  sign  of  equality  meaning  that  equal  weights 
are  involved  both  before  and  after  the  reaction. 

Again,  hydrochloric  acid  (HCI)  and  calcium  carbonate  (CaCO.)  yield 
calcium  chloride  (CaCl,)  and  carbonic  acid  (H,COJ;  which  last  breaks  up 
into  water  (H,0)  and  carbon  dioxide  (CO,),  the  last  going  off  as  a  gas  with 
effervescence.     Hence 

CaCO,  +  2HC1  =  CaCl,  +  H,0  +  CO.. 

444.  Radicals.— A  compound  of  two  or  more  elements  according  to  their 
relative  valence  in  which  all  their  bonds  are  satisfied  is  said  to  be  saturated. 
This  is  true  of  H,0,  or,  as  it  may  be  written,  H— O—H.  If,  however,  one 
or  more  bonds  is  left  unsatisfied,  the  resulting  combination  of  elements  is 
called  a  radical.  Thus  — 0— II,  called  briefly  hydroxyl,  is  a  common  radical, 
having  a  valence  of  one,  or,  in  other  words,  univalent;  NH^  is  again  a  univalent 
radical;  so,  too,  (CaF),  (MgF)  or  (AlO).  Radicals  often  enter  into  a  compound 
like  a  simple  element;  for  example,  in  ammonium  chloride,  NH^Cl,  the 
univalent  radical  NH^  plays  the  same  part  as  the  univalent  element  Na  in 
NaCl.  In  the  chemical  composition  of  mineral  species,  the  commonest  radical 
is  hydroxyl  (— 0— H)  already  defined.  Other  examples  are  (CaF)  in  apatite 
(see  Art.  456),  (MgF)  in  wagnerite,  (AlO)  in  many  basic  silicates,  etc. 

446.  Chemical  Gompoand. — A  chemical  compound  is  a  combination  of  two 
or  more  elements  united  by  the  force  of  chemical  attraction.  It  is  always 
true  of  it,  as  before  stated  (Art.  440),  that  the  elements  present  are  combined 
in  the  proportion  of  their  atomic  weights  or  some  simple  multiples  of  these. 
A  substance  which  does  not  satisfy  this  condition  is  not  a  compound,  but  only 
a  mechanical  mixture. 

Examples  of  the  simpler  class  of  compounds  are  afforded  by  the  oxides^  or 
compounds  of  oxygen  with  another  element.  Thus,  among  minerals  we  have 
Cu,0,  cuprous  oxide  (cuprite);   ZnO,  zinc  oxide  (zincite);   A1,0,,  alumina 
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(corandum);  SnO„  tin  dioxide  (cassiterite) ;  SiO„  silicon  dioxide  (quartz); 
As,0,,  arsenic  trioxide  (arsenolite). 

Another  simple  class  of  compounds  are  the  sulphides  (with  the  selenides, 
tellurides,  arsenides,  antimonides,  etc),  compounds  in  which  sulphur  (selenium, 
tellurium,  arsenic,  antimony,  etc.)  plays  the  same  part  as  oxygen  in  the  oxides. 
Here  belong  Cu,S,  cuprous  sulphide  (chalcocite);  ZnS,  zinc  sulphide  (sphaler- 
ite); PbTe,  lead  telluride  (altaite);  FeS„  iron  disulphide  (pyrite);  Sb.S., 
antimony  trisulphide  (stibnite). 

446.  Acids. — The  more  complex  chemical  compounds,  an  understanding 
of  which  is  needed  in  a  study  of  minerals,  are  classed  as  acids,  bases,  and  salts; 
the  distinctions  between  them  are  important. 

An  acid  is  a  compound  of  hydrogen,  or  hydroxyl,  with  a  non-metallic 
•element  (as  chlorine,  sulphur,  nitrogen,  phosphorus,  etc.),  or  a  radical  con- 
taining these  elements.  In  them  tlie  hydrogen  atoms  may  be  replaced  by 
metallic  atoms;  the  result  being  then  the  formation  of  a  salt  (see  Art.  448). 
Acids  in  general  turn  blue  litmus  paper  red  and  have  a  sharp,  sour  taste. 
The  following  are  familiar  examples: 

HCl,  hydrochloric  acid,  H  -  CI. 

HNO,,  nitric  acid,  (HO)  -  NO.. 

n,CO, ,  carbonic  acid,  (HO),  =  CO. 

H,SO,,  sulphuric  acid,  (HO),  -=  SO,. 

H,SiO,,  metasilicic  acid,  (HO),  -  SiO. 

H,PO,,  phosphoric  acid,  (HO),  =  PO. 

H^SO,,  orthosilicic  acid,  (HO),  ^  Si. 

The  full  explanation  of  the  constitution  of  the  different  acids  requires  a  more 
detailed  discussion  than  is  possible  here.  The  second  series  of  formulas  given 
above  must  serve  as  suggestions  in  this  direction. 

It  is  to  be  noted  that  with  a  given  acid  element  several  acids  are  possible. 
Thus  normal,  or  orthosilicic,  acid  is  H^SiO,,  in  which  the  bonds  of  the  element 
silicon  are  all  satisfied  by  the  hydroxyl  (HO).  But  the  removal  of  one  mole- 
cule of  water,  H,0,  from  this  gives  the  formula  H,SiO,,  or  metasilicic  acid. 

Acids  which,  like  HNO,  ,  contain  one  atom  of  hvdrogen  that  may  be 
replaced  by  a  metallic  atom  {e.g,,  in  KNO,)  are  cMea  tnonohasic.  If,  as  in 
H,CO,  and  H,SO,,  there  are  two  atoms  (e^g.,  in  CaCo,,  BaSOJ  the  acids  are 
dibasic.     Similarly  n,PO,  is  tribasic,  etc. 

Most  acids  are  liquids  (or  gases),  and  hence  acids  are  represented  very 
sparingly  among  minerals;  B(OH),,  boric  acid  (sassolite),  is  an  illustration. 

447.  Bases. — The  baseft,  or  hydroxides  as  they  are  also  called,  are  com- 
pounds which  may  be  regarded  as  formed  of  a  metallic  element  (or  radical) 
and  the  univalent  radical  hydroxyl,  —(OH);  or  in  other  words,  of  an  oxide 
with  water.  Thus  potash,  K,0,  and  water,  H,0,  form  2K(0H),  or  potassium 
hydroxide:  also  CaO  +  H,0  similarly  give  Ca(OH)  or  calcium  hydroxide. 
In  oreneral,  when  soluble  in  water,  bases  give  an  alkaline  reaction  with  turmeric 
paper  or  red  litmus  paper,  and  they  also  neutralize  an  acid,  as  explained  in 
the  next  article  Further,  the  bases  yield  water  on  ignition,  that  is,  at  a 
temperature  sufficiently  high  to  break  up  the  compound. 

Among  minerals  the  bases  are  represented  by  the  hydroxides,  or  hydrated 
oxides,  as  Mg(OH),,  magnesinni  hydrate  (brucite);  A1(0H)„  aluminium 
hydrate  (gibbsite);  also,  (A10)(0H),  diaspore,  etc. 
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448.  Salts. — A  third  class  of  compouDds  are  the  salts;  these  may  be 
regarded  as  formed  chemically  by  the  reaction  of  a  base  upon  an  acid,  or,  ip 
other  words,  by  the  neutralization  of  the  acid.  Thus  calcium  hydrate  and  sul- 
phuric acid  give  calcium  sulphate  and  water  : 

Ca(OH),  +  H,SO.  =  CaSO.  +  2H,0. 

Here  calcium  sulphate  is  the  salt,  and  in  this  case  the  acid,  sulphuric  acid,  is 
said  to  be  neutralized  by  the  base,  calcium  hydroxide.  It  is  instructive  to 
compare  the  formulas  of  a  base,  an  acid,  and  the  corresponding  salt,  as 
follows: 

Base,  Ca(OH,) ;        Acid,  H.SO, ;        Salt,  CaSO,. 

Here  it  is  seen  that  a  salt  may  be  simply  described  as  formed  from  an  acid  by 
the  replacement  of  the  hydrogen  atom,  or  atoms,  by  a  metallic  element  or 
radical. 

449.  Typical  Salts. — The  commonest  types  of  salts  represented  among 
minerals  are  the  following: 

Chlorides:  salts  of  hydrochloric  acid,  HCl;  as  AgCl,  silver  chloride  (cerar- 
gyrite). 

Nitrates:  salts  of  nitric  acid,  HNO,;  as  KNO„  potassium  nitrate  (niter). 

Carl)07iates :  salts  of  carbonic  acid,  H,CO,;  as  CaCO,,  calcium  carbonate 
(calcite  and  aragonite). 

Sulphates:  salts  of  sulphuric  acid,  H,SO^;  as  CaSO^,  calcium  sulphate 
(anhydrite). 

Phosphates :  salts  of  phosphoric  acid,  H.PO,;  as  Ca,(POj„  calcium  phos- 
phate. 

Silicates :  several  classes  of  salts  are  here  included.  The  most  common  are 
the  salts  of  metasilicic  acid,  H,SiO,;  as  MiiSiO,,  manganese  metasilicate 
(rhodonite).  Also  salts  of  orthosilicic  acid,  H^SiO^;  as  Mn,SiO^,  manganese 
orthosilicate  (tephroite). 

Numerous  other  chisses  of  salts  are  also  included  among  mineral  species; 
their  comix)sitioi),  as  well  as  that  of  complex  salts  of  the  above  types,  is 
explained  in  the  descriptive  part  of  this  work. 

450.  Normal,  Acid,  and  Basic  Salts. — A  neutral  or  normal  S'llt  is  one  in 
which  the  basic  element  completely  neutralizes  the  acid,  or,  in  other  words, 
one  of  the  type  already  given  as  examples,  in  which  all  the  hydros^en  atoms  of 
the  acid  have  been  replaced  by  metallic  atoms  or  radicals.  Thus,  K,SO,  is 
normal  potassium  sulpha  to,  but  HKSO^,  on  the  other  hand,  is  acid  potassium 
sulphate,  since  in  the  acid  H,SO^  only  one  of  the  bonds  is  taken  by  the  basic 
element  potassium.  Salts  of  this  kind  are  called  acid  salts.  The  formula  in 
such  cases  may  be  written  *  as  if  the  compound  consisted  of  a  normal  salt  and 
an  acid;  thus,  for  the  example  given.  K,SO^.H,SO^. 

A  basic  salt  is  one  in  which  the  acid  part  of  the  compound  is  not  sufficient 
to  satisfy  all  the  bonds  of  the  base.  Thds  malachite  is  a  basic  salt — basic  car- 
bonate of  copper — its  composition  being  expressed  by  the  formula  Cu,(OH),CO,. 

This  may  be  written  CuCO,.Cu(OH)„  or  (Cu,)  Z.  /q^j^x  .     The  majority  of 


*  This  early  form  of  writing  the  composition  explains  the  name  often  given  to  the  com- 
pound, namely,  iu  this  case,  '*bisulpbate  of  potash." 
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minerals  consist  not  of  simple  salts^  as  those  noted  above,  but  of  more  or  less 
complex  double  salts  in  which  several  metallic  elements  are  present.  Thus 
common  grossular  garnet  is  an  orthosilicate  containing  both  calcium  and  alu- 
minium as  bases  ;  its  formula  is  Ca,Al,(SiOJ,. 

451.  Sulpho-salts.— The  salts  thus  far  spoken  of  are  all  oxygen  salts*  There 
are  also  others,  of  analogous  constitution,  in  which  sulphur  takes  the  place  of 
the  oxygen  ;  they  are  hence  called  sulpho-salts.  Thus  normal  sulpharsenious 
acid  has  the  formula  H,AsS,,  and  the  corresponding  silver  salt  is  Ag,AsS„  the 
mineral  proustite.  Similarly  the  silver  salt  of  the  analogous  antimony  acid  is 
Ag.SbS,,  the  mineral  pyrargyrite.  From  the  normal  acids  named,  a  series  of 
otner  hypothetical  acids  may  be  derived,  as  HAsS,,  H^As,S„  etc.;  these  acids 
are  not  known  to  exist,  but  their  salts  are  important  minerals.  Thus  zinkenite, 
PbSb,S«,  is  a  salt  of  the  acid  lI,SbS^,  and  jamesonite,  Pb,Sb,S^,  of  the  acid 
H,Sb,S„  etc. 

452.  Water  of  Crystallization. — As  stated  in  Art.  447,  the  hydroxides,  or 
bases  and  further  basic  salts  in  general,  yield  water  when  ignited.  Thus 
calcium  hydroxide  Ca(OH)  breaks  up  on  heating  into  CaO  and  H,0,  as 
expressed  in  the  chemical  equation 

2Ca(0U)  =  2CaO  +  11,0. 

So  also  the  basic  cupric  carbonate,  malachite  (formula  given  in  Art.  450),  yields 
water  on  ignition;  and  the  same  is  true  of  the  complex  basic orthosilicates, like 
zoisite,  whose  formula  is  (HO)Oa,Al,(SiOJ,.  It  is  not  to  be  understood,  how- 
ever, in  these  or  similar  cases,  that  water  as  such  is  present  in  the  substance. 

On  the  other  hand,  there  are  a  large  number  of  mineral  compounds  which 
yield  water  readily  when  heated,  and  in  which  the  water  molecules  are  regarded 
as  present  as  so-called  water  of  crystallization.  Thus,  the  formula  of  gypsum 
is  written 

CaSO,  +  2H,0, 

and  the  molecules  of  water  (2H,0)  are  considered  as  water  of  crystallization. 
So,  too,  in  potash  alum,  KA1(S0,),  +  12H,0,  the  water  is  believed  to  play  the 
same  part. 

453.  Formulas  of  Minerals. — The  strictly  empirical  formula  expresses  the 
kinds  and  numbers  of  atoms  of  the  elements  present  in  the  given  compound, 
without  attempting:  to  show  the  way  in  which  it  is  believed  that  the 
atoms  are  combined.  Thus,  in  the  case  of  zoisite  the  empirical  formula  is 
HCa,Al,Si\0„.  While  not  attempting  to  represent  the  structural  formula 
(which  will  not  be  discussed  here),  it  is  convenient  in  certain  cases  to  indicate 
the  atoms  whioh  there  is  reason  to  believe  plav  a  peculiar  relation  to  each  other. 
Thns  the  same  formula  written  (HO)Ca,Al,(SiO,),  shows  that  it  is  resrarded  as 
a  basic  orthoRilioate,  in  other  words,  a  basic  salt  of  orthosilioic  acid,  H,SiO,. 

Again,  the  empirical  formula  of  common  apatite  is  Ca^FP.O,,;  but  if  this  is 
written  (CaF)Ca.(PO,^„  it  shows  that  it  is  regarded  ns  a  phosphate  of  the  acid 
H,PO„  that  is,  H,(POJ„  in  which  the  nine  hydrogen  atoms  are  replaced  by 
four  Ca  atoms  tosrether  with  the  univalent  radical  KJa"P).  In  another  kind  of 
apatite  the  radical  (CaOl^  enters  in  the  same  wnv.  Similarly  to  this  the  formula 
of  pvromorphite  is  (PbGl)Pb/PO,)„  of  vanadinite  (PbCDPh^fVO,^,. 

Further,  it  is  often  convenient  to  emplov  the  method  of  writing  the  formulas 
in  vogue  under  the  old  dualistio  system.    For  example. 
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CaO.CO,    for    CaCO,, 
3CaO.Al,0,.3SiO,    for    Ca.Al.Si.O,., 
3Ag,S.Sb,S,    for    Ag.SbS,,  etc. 

It  is  DO  longer  believed,  however,  that  tbe  molecular  groups  CaO,  A1,0„  etc.^ 
actually  exist  in  tbe  molecule  of  the  substance.  But  in  part  because  these 
groups  are  what  analysis  of  the  substance  affords  directly,  and  in  part  because 
so  easily  retained  in  the  memory,  this  method  of  writing  is  still  often  used. 

454.  Oxygen  Ratio. — In  the  case  of  certain  compounds,  more  especially  the 
silicates,  it  is  sometimes  regarded  as  convenient  to  take  note  of  the  oxygen 
raliOf  tbat  is,  the  ratio  in  tiie  number  of  oxygen  atoms  combined  with  the 
several  elements,  basic  and  acid.  For  example,  tiie  formula  for  grossular  garnet 
given  above  is 

Ca,Al,Si,0.,  or  3CaO.Al,0,.3SiO,. 

Here  the  oxygen  atoms  combined  with  the  basic  elements  (calcium  amd 
aluminium)  and  the  acid  element  (silicon)  are 

3  :  3  :  6  or  1  :  1  :  2, 

or  again,  for  the  basic  elements  combined, 

3  +  3  :  6  or  1  :  I. 

It  must  be  noted  that  the  oxygen  ratio  is  in  fact  the  ratio  of  the  total  valence 
of  the  elements  of  the  different  groups,  the  valence  being  measured  by  the 
combining  power  with  hydrogen,  while  the  oxygen  ratio  really  notes  the  com- 
bining power  with  oxygen. 

455.  Calculation  of  a  Formula  from  an  Analysis. — The  result  of  an  analysis 
gives  the  proportions,  in  a  hundred  parte  of  the  mineral,  of  either  the  elements 
themselves,  or  of  their  oxides  or  otner  compounds  obtained  in  the  chemical 
analysis.     In  order  to  obtain  the  atomic  proportions  of  the  elements: 

Divide  the  percentages  of  the  elemerits  by  the  respective  atomic  weights; 
or,  for  those  of  the  oxides:  Divide  the  percentage  amovnts  of  each  by  their 
molecular  weights;  then  find  the  simplest  ratio  in  whole  numbers  for  the 
numbers  thus  obtained. 

Example. — An  annlysis  of  boiirnonite  from  Wolfsberg  gave  C.  Bromefs  llie  results  under 
(t)  below.  These  perc«*nta/^e8  divided  by  tlie  respective  atomic  weights,  as  indicated,  give  the 
numbers  under  (2).  Filially  the  ratio  of  these  numbers  gives  very  nearly  1:8:1:1.  Hence 
tbe  rnrmulii  derived  is  CuPbSbSs.  The  theoreiicul  values  called  fur  by  the  formula  are 
added  under  (4). 

(1)  (2)  (8)  (4) 


Sb 

24  34  H-  120     =0  208 

1 

24-7 

8 

19-76  -!-  82       =  0  617 

8 

198 

Pb 

42-88   :   206-4  =  0208 

1 

425 

Cu 

1800  -!-    63  2  =  0-207 

1 

18-0 

10004  1000 

Second  BxampU.—Tlie  mean  of  two  analyses  of  a  garnet  from  Alaska  gave  Kountze  the 
results  under  (1)  below.  Here  as  usual  the  percentage  amounts  of  the  several  molecular 
groups  (SiOa,  AlaOs.  etc.)  are  given  instead  of  those  of  the  elements.  These  amounts 
divided  by  the  respective  molecu'ar  weights  give  tbe  numbers  under  (2).  In  this  case  the 
amount*^  of  the  protoxides  are  taken  together  and  the  nilio  thus  obtained  is  8  09  : 1  :  2  92, 
which  corresponds  approximately  to  the  formula  3PeO.  AUOs.SSiO,,  or  Pe»Ali(8i04)f .  The 
magnesium  in  this  gurnet  would  ordinarily  be  explained  by  the  presence  of  the  pyrope 
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molecule  (Mg9A1a[Si04]9)  together  with  the  simple  almandite  molecule  whose  composition 

is  giveu  above. 

(1)  (2)  (3) 

8iO,  89  29  -*-  60     =  0*655  309 

AUG,  21-70  -I-  102  =  0-212  1 

Fe.O,  ir. 

FeO  30  82-^^71-9  =  0  4291 

MnO  1-51  -f-  70-8  =  0  022  i  ^.^.j.  „^« 

MgO  5  26^40     =  0-132  f"'^^''  ^^^ 

CaO  199  H-  56  9  =  0  036  J 

100-57 

It  is  necessary,  when  very  small  quantities  only  of  certain  elements  (as  MnO,  MgO,  CaO 
above)  are  present  to  neglect  thfm  in  the  tlnnl  formula,  reckoning  them  in  with  the  elements 
which  they  noplace,  that  is,  wiih  those  of  the  same  quantivalence.  The  degree  of  ci  rre- 
apoiidcnce  between  tiie  analysis  and  the  formula  deduced,  if  the  latter  is  con ectly  assumed, 
depends  entirely  upon  the  accuracy  of  tiie  former. 

456.  Isomorphism.  —Clietnical  compounds  which  have  an  analogoas  com- 
position and  a  closely  related  crystalline  form  are  said  to  be  isomorphous. 
This  phenomenon,  called  isomorphism,  was  first  clearly  brought  out  by  Mit- 
scherlich. 

Many  examples  of  groups  of  isomorphous  compounds  will  be  found  among 
the  minerals  described  in  the  following  pages.  Some  examples  are  mentioned 
here  in  order  to  elucidate  the  subject. 

In  the  brief  discussion  of  the  periodic  classification  of  the  chemical  ele- 
ments of  Art.  439,  attention  has  been  called  to  the  prominent  groups  amons 
the  elements  which  form  analogous  compounds.  Thus  calcium^  barium,  and 
strontium,  and  also  lead,  form  the  two  series  of  analogous  compounds, 

Aiagonite  Group.  Barite  Group. 

CaCO,,  aragonite.  Also        CaSO^,  anhydrite. 
BaCO,,  witherite.  BaSO^,  barite. 

SrCO,,  strontianite.  SrSO^,  celestite. 

PbCO,,  cerussite.  PbSO^,  anglesite. 

Further,  the  members  of  each  series  crystallize  in  closely  similar  forms.  The 
carbonates  are  orthorhombic,  with  axial  ratios  not  far  from  one  another;  thus 
the  prismatic  angle  approximates  to  60°  and  120°,  and  corresponding  to  this 
they  all  exhibit  pseudo-hexagonal  forms  due  to  twinning.  The  sulphates  also 
form  a  similar  orthorhombic  series,  and  though  anhydrite  deviates  somewhat 
widely,  the  others  are  close  together  in  angle  and  in  cleavage. 

Again,  calcium,  magnesium,  iron,  zinc,  and  manganese  form  a  series  of  car- 
bonates with  analogous  composition,  as  shown  in  tiie  list  of  the  species  of 
the  Calcite  Group  given  on  p.  353.  This  table  brings  out  clearly  the  close 
relation  in  form  between  the  species  named.  Incidentally,  as  an  example  of 
the  deviation  in  form  sometimes  observed,  it  is  to  be  noticed  that  dolomite 
(and  perhaps  others)  are  not  normally  rhombohedral  like  calcite,  but  belong  to 
the  phenacite  type  (p.  80). 

This  table  also  illustrates  another  essential  point  in  regard  to  an  isomor- 
phous series,  viz.,  the  presence  of  intermediate  members,  or  isomorphous  mix- 
tui^es  of  the  simple  compounds.  These  are  viewed  by  most  authors  as  due  to 
the  presence  of  both  molecules  crystallized  together,  usually  in  a  certain  definite 
ratio.  Thus  in  normal  dolomite,  (GaCO.)  and  (MgCO,)  are  both  present  in  the 
ratio  of  1:1,  and  its  formula  is  CaMg(CO,),  or  CaCO,.MgCO,.  In  mesitite 
(MgCO.)  and  (FeCO,)  are  present  in  the  ratio  of  2:1;  its  formula  is 
Mg,Fe(COJ,  or  2MgOO,.FeCO,.    If  it  is  not  desired  to  express  the  ratio  of 
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the  elements  present,  it  is  convenient  to  write  the  elements  together  in  a  paren- 
thesis separated  by  a  comma.  Thus  (Ca,Mg,Fe)CO,  would  mean  a  carbonate 
in  which  calcium,  magnesium,  and  iron  are  all  present. 

The  Apatite  Group  forms  another  valuable  illustration  since  in  it  are 
represented  the  analogous  compounds,  apatite  and  pjromorphite,  both  phos- 

!)hates,  buf  respectively  phosphates  of  calcium  aud  lead;  also  the  analogous 
ead  compounos  pyromorphite,  mimetite,  aud  vaiiadinite  respectively  lead 
phosphate,  lead  arsenate,  and  lead  vanadate.  Further,  in  all  these  compounds 
the  radical  (RCl)  or  (RF)  enters  in  the  same  way  (see  Art.  453).  Thus  the 
formulas  for  the  two  kinds  of  apatite  and  that  for  pyromorphite  are  as  follows: 

(CaF)Ca,(PO.).,  (CaCl)Ca,(POJ.,  (PbCl)Pb,(PO,),. 

Some  of  the  more  important  isoinorphous  groups  ai*e  mentioned  below.  For  a  discussion 
of  them,  as  well  as  of  many  others  ihut  might  be  menlioned  here,  reference  must  be  made 
to  the  descriptive  part  of  this  work. 

liometric  Syttem. — The  Spiuel  group,  including  spinel,  MgAUO^ ;  also  magnetite, 
chromite,  franklinite,  gahnite,  etc.  The  Gnlena  group,  as  galena,  PbS ;  argentite,  AgsS, 
etc.     The  Garnet  group,  as  erossulnrite,  CasAUSisOn,  etc. 

Teirctgonal  System, — Rutile  J?roup,  including  rutile,  TiO« ;  cassiterite,  SnOa.  The 
Scheelite  group,  including  scheente,  CaWOi ;  stolzite,  PbWOi ;  wulfenite,  PbMo04. 

Hexagonal  System, — Apatite  group,  already  mentioned,  including  apatite,  pyromorphite, 
mimetite.  and  vanndinite.     Corundum  group,  corundum,  AUOs ;  hematite,  FesOs. 
'  IVion^hedral  System. — Calcite  group,  already  mentioned.    Phenacite  group,  etc. 

Ortharfiombie  System. — Ar-igonite  group,  and  Barite  group,  both  mentioned  above. 
Chrysolite  group,  (Mg.Fe),Si04 ;  Topaz  group,  etc. 

Monoclinie  System. — Copperas  group,  including  melanterite,  FeS04  -{-7  aq;  bieberite, 
Co80«  -h  7  aq.  etc.     Pyroxene  and  Amphibole  groups,  and  the  Mica  group. 

Monoclinie  and  Trielinie  Systems. — Feldsi^ar  group. 

457.  Isomorphous  Mixtures. — It  is  important  to  note  that  the  intermediate 
compounds  in  the  case  of  an  isomorphous  series,  such  as  those  spoken  of  in  the 
preceding  article,  often  show  a  distinct  gradation  in  crystalline  form,  and  more 
particularly  in  physical  characters  (e.q,,  specific  gravity,  optical  properties,  etc.) 
This  is  illustrated  by  the  species  of  the  calcite  group  already  referred  to;  also 
still  more  strikingly  by  the  group  of  the  trielinie  feldspars  as  fully  discussed 
under  the  description  of  that  group.     See  further  Art.  406. 

The  feldspars  also  illustrate  two  other  important  points  in  the  subject, 
which  must  be  briefly  alluded  to  here.  The  trielinie  feldspars  have  been  shown 
by  Tschermak  to  be  isomorphous  mixtures  of  the  end  compounds  in  varying 
proportions: 

Albite,  NaAlSi.O,.  Anorthite,  CaAl,Si,0,. 

Here  it  is  seen  that  these  compounds  have  not  an  analogous  composition  in  the 
narrow  sense  previously  illustrated,  and  yet  they  are  isomorphous  and  form  an 
isomorphous  series.  Other  examples  of  this  are  found  among  the  pyroxenes, 
the  scapolites,  etc. 

Further,  the  Feldspar  group  in  the  broader  sense  includes  several  other 
species,  conspicuously  the  monoclinie  orthoclase,  KAlSi,0„  which,  though 
belonging  to  a  different  system,  still  approximates  closely  in  form  to  the 
trielinie  species. 

458.  Dimorphism.  Isodimorphism. — A  chemical  compound,  which  crystal- 
lizes in  two  forms  genetically  distinct,  is  said  to  be  dirnorpJious;  if  in  three, 
frimorphous,  or  in  general  pleomorphous.    This  phenomenon  is  called  dimor« 

PHISM  or  PLEOMORPHISM. 

An  example  is  given  by  the  compound  calcium  carbonate  (CaCO,),  which 
is  dimorphous:  appearing  as  calcite  and  as  aragonite.     As  calcite  it  crystallizes 
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in  the  rhombohedral  system,  and,  unlike  as  its  many  crystalline  forms  are, 
tbey  may  be  all  referred  to  the  same  fundamental  rhombohedronyand,  what  is 
more,  they  have  all  tiie  same  cleavage  and  the  same  specific  gravity  (2  7),  and, 
of  course,  the  same  optical  characters.  As  aragouite,  calcium  carbonate 
appears  in  orthorhombic  crystals,  whose  optical  characters  are  entirely  differ- 
ent from  those  of  calcite;  moreover,  the  specific  gravity  of  aragonite  (2*9)  la 
higher  than  that  of  calcite  (2*7). 

Many  other  examples  might  be  given:  Silica  (SiO,)  is  dimorphous;  appear- 
ing as  quartz,  rhombohedral,  G.  =  2 -06;  as  tridymite^  hexagonal,  G.  =  2  3,  and 
Eerhaps  in  other  forms.  Titanium  dioxide  (TiO,)  is  triniorplious,  the  species 
eing  called  rutile,  tetragonal  (6  =  0*6442),  G.  =  4*25;  octahedrUe,  tetragonal 
(6  =  1*778),  G.  =  3*9;  and  brookite,  orthorhombic,  G.  =  4*15.  Carbon  appears 
in  two  forms,  in  diamond  and  graphite.  Other  familiar  examples  are  pyrite 
and  marcasite  (FeS,),  sphalerite  and  wurtzite  (ZnS),  etc. 

When  two  or  more  analogous  compounds  are  at  the  same*time  isomorphous 
and  dimorphous,  they  are  said  to  be  isodimorphous,  and  the  phenomenon  is 
called  ISODIMORPHISM,  An  example  of  this  is  given  in  the  Pyrite  and  Mar- 
casite groups  described  later.  Thus  we  have  in  the  isometric  Pyrite  Group, 
pyrite,  FeS,,  smaltite,  CoAs, ;  in  the  orthorhombic  Marcjisite  Group,  marcas- 
ite, FeS,,  safflorite,  Co  As,,  etc. 

459.  Chemical  and  Microchemical  Analysis. — The  analysis  of  minerals  is  a 
subject  treated  of  in  chemical  works,  and  need  not  be  touched  upon  here 
except  so  far  as  to  note  the  convenient  use  of  certain  qualitative  methods,  as 
described  in  the  later  part  of  this  chapter. 

Of  more  importance  are  the  microchemical  methods  applicable  to  sections 
under  the  microscope  and  often  yielding  decisive  results  with  little  labor. 
This  subject  has  been  particularly  developed  by  Boficky,  Ilaushofer,  Behrens, 
Streng,  and  others.  Reference  is  made  to  the  discubsion  by  Hosenbusch 
(Mikr.  Phys.,  1892,  p.  259  et  seq.,  also  the  list  of  authors  on  p.  212.) 

460.  Mineral  Synthesis. — The  occurrence  of  certain  mineral  compounds 
{e,g,f  the  chrysolites)  among  the  products  of  metallurgical  furnaces  has  long 
been  noted.  But  it  has  only  been  in  recent  years  that  the  formation  of 
artificial  minerals  has  been  made  the  subject  of  minute  systematic  experi- 
mental study.  In  this  direction  the  French  chemists  have  been  particularly 
successful,  and  now  it  may  be  stated  that  the  majority  of  common  minerals — 

S[uartz,  the  feldspars,  amphibole,  mica,  etc. — have  been  obtained  in  crystallized 
orm.  Even  the  diamond  has  been  formed  in  minute  crystals  by  Moipsan. 
These  studies  are  obviously  of  great  importance  particularly  as  throwing  light 
upon  the  method  of  formation  of  minerals  in  nature  (e.g.,  the  diamond). 
The  chief  results  of  the  work  thus  far  done  are  given  in  the  volumes  men- 
tioned in  the  Introduction,  p.  4. 

461.  Alteration  of  Minerals.  Pseudomorphs. — The  chemical  alteration  of 
mineral  species  under  the  action  of  natural  agencies  is  a  subject  of  great 
importance  and  interest,  particularly  when  it  results  in  the  change  of  the 
original  composition  into  some  other  equally  definite  compound.  A  crystal- 
lized mineral  which  has  thus  suffered  change  so  that  its  form  no  longer 
belongs  to  its  chemical  composition  has  already  been  defined  (Art.  252.  p.  144) 
as  a  psevdomorph  It  remains  to  describe  more  fully  the  different  kinds  of 
pseudomorphs.     Pseudomorphs  are  classed  under  several  heads: 

1,  Pseudomorphs  by  substitution 

2.  Pseudomorphs  by  simple  deposition,  and  either  by  (a)  incrustation  or 
(ft)  infiltration. 
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3.  Pseudomorphs  by  alteration  ;  and  these  may  be  altered 
Ja)  without  a  change  of  composition,  by  paramorphism ; 
b)  by  the  loss  of  an  ingredient; 
^c)  by  the  assumption  of  a  foreign  substance; 
(d)  by  a  partial  exchange  of  constituents. 

1.  The  first  class  of  pseudomorphs,  by  substitvtion,  embraces  those  cases 
where  there  has  been  a  gradual  removal  of  the  original  material  and  a  cor- 
responding and  simultaneous  replacement  of  it  by  another,  without,  however, 
any  chemical  reaction  between  the  two.  A  common  example  of  this  is  a  piece 
of  fossilized  wood,  where  the  original  fiber  has  been  replaced  entirely  by 
silica.  The  first  step  in  the  process  was  the  filling  of  the  pores  and  cavities 
by  the  silica  in  solution,  and  then  as  the  woody  fiber  by  gradual  decomposition 
disappeared  the  silica  further  took  its  place.  Other  examples  are  quartz  after 
fiuorite,  calcite,  and  many  other  species;  cassiterite  after  orthoclase;  native 
copper  after  aragonite,  etc. 

2.  Pseudomorphs  by  incrvstation  form  a  less  important  class.  Such  are 
the  crusts  of  quartz  formed  over  fiuorite.  In  most  cases  the  removal  of  the 
original  mineral  has  gone  on  simultaneously  with  the  deposition  of  the  second, 
so  that  the  resulting  pseudomorph  is  properly  one  of  substitution.  In 
pseudomorphs  by  infiltration  a  cavity  made  by  the  removal  of  a  crystal  has 
been  filled  l>y  another  mineral. 

3.  The  third  class  of  pseudomorphs,  by  alteration y  includes  a  considerable 
proportion  of  the  observed  cases,  of  which  the  number  is  very  large.  Con- 
clusive evidence  of  the  chan2:e  which  has  gone  on  is  often  furnished  by  a 
nucleus  of  the  original  mineral  in  the  center  of  the  altered  crystal — e.g.,  a 
kernel  of  cuprite  in  a  pseudomorphous  octahedron  of  malachite;  also  of 
chrysolite  in  a  pseudomorphous  crystal  of  serpentine,  etc. 

(a)  An  example  of  paramorph ism— that  is,  of  a  change  in  molecular  con- 
stitution without  change  of  chemical  substance— is  furnished  by  the  change  of 
aragonite  to  calcite  (both  CaCD,)  at  a  certain  temperature;  also  the  para- 
morphs  of  rutile  after  brookite  (both  TiO,)  from  Magnet  Cove,  Arkansas. 

(b)  An  example  of  the  pseudomorphs  in  which  alteration  is  accompanied 
by  a  loss  of  ingredients  is  furnished  by  crystals  of  native  copper  in  the  form 
of  cuprite. 

(c)  In  the  change  of  cuprite  to  malachite — e.g.,  the  familiar  crystals  from 
Chessy,  France — an  instance  is  afforded  of  the  assumption  of  an  ingredient — 
viz.,  carbon  dioxide  (and  water).  Pseudomorphs  of  gypsum  after  anhydrite 
occur  where  there  has  been  an  assumption  of  water  alone. 

(rf)  A  partial  exchange  of  constituents — in  other  words,  a  loss  of  one  and 
gain  of  another — takes  place  in  the  change  of  feldspar  to  kaolin,  in  which  the 
potash  silicate  disappears  and  water  is  taken  up;  pseudomorphs  of  limonite 
after  pyrite  or  siderite,  of  chlorite  after  garnet,  pyromorphite  after  galena, 
are  other  examples. 

The  chemical  processes  involved  in  such  changes  open  a  wide  and  impor- 
tant field  for  investigation.  Their  study  has  served  to  throw  much  light  on 
the  chemical  constitution  of  mineral  species  and  the  conditions  under  which 
they  have  been  formed.  For  tjie  literature  of  the  subject  see  the  Introduction, 
p.  3  (Blum,  Bischof,  Roth,  etc.).  As  typical  studies  of  special  cases  the 
following  articles  are  referred  to : 

Genth.     Coru!jdum,  olc.     Am.  Pliil.  Soc.  Philnd..  13,  861,  1873. 
J.  D.  Dana.     Serpentine  pseiidoinorplis,  Tilly  Foster  mine.     Am.  J.  Sc  ,  8,  871,  1874. 
BruBhaud  Dana.     Spodiimcne.  etc.,  Bnincliville.  Ct.     Am.  J.  Sc,  20,  257,  1880. 
Schraof.     Serpentine  of  Bohemia.     Zs.  Krysi..  6,  321.  1882. 
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CHEMICAL  EXAMINATION  OF  MINERALS. 

462.  The  complete  investigation  of  the  chemical  composition  of  a  min- 
eral includes,  first,  the  identification  of  the  elements  present  by  qualitative 
analysis,  and,  second,  the  determination  of  the  relative  amounts  of  each  by 
quantitative  analysis,  from  which  last  the  formula  can  be  calculated.  Both 
processes  carried  out  in  full  call  for  the  equipment  of  a  chemical  laboratorv. 
An  approximate  qualitative  analysis,  however,  can,  in  many  cases,  be  made 
quickly  and  simply  with  few  conveniences.  The  methods  employed  involve 
either  (a)  the  use  of  acids  or  other  reagents  "in  the  wet  way,'^  or  (b)  the  use 
of  the  blowpipe,  or  of  both  methods  combined.  Some  practical  instructions 
will  be  given  applying  to  both  cases. 

EXAMINATION  IN  THE  WET  WAY. 

463.  Reag^ents,  etc. — The  most  commonly  emploved  chemical  reagents  are 
the  three  mineral  acids,  hydrochloric,  nitric,  and  sulphuric  acids.  To  these  may 
be  added  ammonia,  also  solutions  of  barium  chloride,  silver  nitrate,  ammonium 
molybdate,  ammonium  oxalate;  finally,  distilled  water  in  a  wash-bottle. 

A  few  test-tubes  are  needed  for  the  trials  and  sometimes  a  porcelain  dish 
with  a  handle  called  a  casserole;  further,  a  glass  funnel  ana  filter-paper. 
The  Bunsen  gas-burner  (p.  256)  is  the  best  source  of  heat,  though  an  alcohol 
lamp  may  take  its  place.  It  is  unnecessary  to  remark  that  the  use  of  acids 
and  the  other  reagents  requires  much  care  to  avoid  injury  to  person  or  clothing. 

In  testing  the  powdered  mineral  with  the  acids,  the  important  points  to  be 
noted  are:  (1)  the  degree  of  solubility,  and  (2)  the  phenomena  attending  entire 
or  partial  solution;  that  is,  whether  {a)  a  solution  is  obtained  ouietly,  without 
effervescence,  and,  if  so,  what  its  color  is;  or  (b)  a  gas  is  evolved,  producing 
effervescence;  or  (c)  an  insoluble  constituent  is  separated  out. 

464.  Solubility. — In  testing  the  degree  of  solubility  hydrochloric  acid  is 
most  commonly  used,  though  in  the  case  of  many  metallic  minerals,  as  the 
sulphides  and  compounds  of  lead  and  silver,  nitric  acid  is  required.  Less 
often  sulphuric  acid  and  aqua  regia  (nitro-hydrochloric  acid)  are  resorted  to. 

The  trial  is  usually  made  in  a  test-tube,  and  in  general  the  fragment  of 
mineral  to  be  examined  should  be  first  carefully  pulverized  in  an  agate 
mortar.     In  most  cases  the  heat  of  the  Bunsen  burner  must  be  employed. 

(a)  MaTiy  minerals  are  completely  .soluble  without  effervescence ;  among 
these  are  some  of  the  oxides,  as  hematite, limonite,  gothite,  etc.;  some  sulphates, 
many  phosphates  and  arsenates,  etc.  Gold  and  platinum  arc  soluble  only  in 
aqua  regia  or  nitro-hydrochloric  acid. 

A  yellow  solution  is  usually  obtained  if  much  iron  is  present;  a  blue  or 
greenish-blue  solution  (turning  deep  blue  on  the  addition  of  ammonia  in 
excess)  from  compounds  of  copper;  pink  or  pale  rose  from  cobalt,  etc. 

{b)  Solubility  with  effervescence  takes  place  when  the  mineral  loses  a 
gaseous  ins^redient,  or  when  one  is  generated  by  the  mutual  reaction  of  acid 
and  mineral.  Most  conspicuous  here  are  the  carbonates,  all  of  which  dissolve 
with  effervescence,  giving  off  the  odorless  gas  carbon  dioxide  (CO J,  though 
some  of  them  only  when  pulverized,  or,  again,  on  the  addition  of  heat.  In 
applying  this  test  dilute  hydrochloric  acid  is  employed. 
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Sulphurefed  hydrogen,  or  hydrogen  sulphide  (H^S),  is  evolved  by  some 
sulphides  when  dissolved  in  hydrochloric  acid:  this  is  true  of  sphalerite, 
stibnite,  etc.     This  gas  is  readily  recognized  by  its  offensive  odor. 

Chlorine  is  evolved  by  oxides  of  manganese  and  also  chromic  and  vanadic 
acid  salts  when  dissolved  in  hydrochloric  acid. 

Nitrogen  dioxide  (NO,)  is  given  off,  in  the  form  of  red  suffocating  fumes, 
by  many  metallic  minerals,  and  also  some  of  the  lower  oxides  (cuprite,  etc.), 
when  treated  with  nitric  acid. 

(c)  The  separation  of  an  insoluble  ingredient  takes  place:  With  many 
silicates,  the  silica  separating  sometimes  as  a  fine  powder,  and  again  as  a  jelly; 
in  the  latter  case  the  mineral  is  said  to  gelatinize  (sodalite,  analcite).  In  order 
to  test  this  point  the  finely  pulverized  silicate  is  digested  with  strong  hydro- 
chloric acid,  and  the  solution  afterward  slowly  evaporated  nearly  to  dryness. 
With  a  considerable  number  of  silicates  the  gelatinization  takes  place  only 
after  ignition ;  while  some  others,  which  ordinarily  gelatinize,  are  rendered 
insoluble  by  ignition. 

With  many  sulphides  (as  pyrite)  a  separation  of  sulphur  takes  place  when 
they  are  treated  with  nitric  acid. 

Some  compounds  of  titanium  and  tungsten  are  decomposed  by  hydrochloric 
acid  with  the  separation  of  the  oxides  of  the  elements  named  (TiO  ,  WO.). 
The  same  is  true  of  salts  of  molybdic  and  vanadic  acids,  only  that  here  tne 
oxides  are  soluble  in  an  excess  of  the  acid. 

Compounds  containing  silver,  lead,  and  mercury  give  with  hydrochloric 
acid  insoluble  residues  of  the  chlorides.  These  compounds  are,  however, 
soluble  in  nitric  acid. 

When  compounds  containing  tin  are  treated  with  nitric  acid,  the  tin 
dioxide  (SnO,)  separates  as  a  white  powder.  A  corresponding  reaction  takes 
place  under  similar  circumstances  with  minerals  containing  arsenic  and 
antimony.  .        ' 

Insoluble  Minerals. — A  large  number  of  minerals  are  not  sensibly  attacked 
by  any  of  the  acids.  Among  these  may  be  named  the  following  oxides: 
Corundum,  spinel,  chromite,  diaspore,  rutile,  cassiterite,  quartz;  also  cerar- 
gyrite;  many  silicates,  titanates,  tantalates,  and  niobates;  some  of  the  sul- 
pnates,  as  barite,  celestite;  many  phosphates,  as  xenotime,  lazulite,  childrenite, 
amblygonite;  also  the  borate,  boracite. 

4o5.  Examination  of  the  Solution. — If  the  mineral  is  difficultly,  or  only 
partially,  soluble,  the  question  as  to  solubility  or  insolubility  is  not  always 
settled  at  once.  Partial  solution  is  often  shown  by  the  color  given  to  the 
liquid,  or  more  generally  by  the  precipitate  yielded,  for  example,  on  the  addition 
of  ammonia  to  the  liquid  filtered  off  from  the  remaining  powder.  The 
further  examination  of  the  solution  yielded,  whether  from  partial  or  complete 
solution,  after  the  separation  by  filtration  of  any  insoluble  residue,  requires 
the  systematic  laboratory  methods  of  qualitative  analysis. 

It  may  be  noted,  however,  that  in  the  case  of  sulphates  the  presence  of 
sulphur  is  shown  by  tlie  precipitation  of  a  heavy  white  powder  of  barium 
sulphate  (BaSOJ  when  barium  chloride  is  added.  The  presence  of  silver  in 
solution  is  shown  by  the  separation  of  a  white  curdy  precipitate  of  silver 
chloride  (AgCl)  upon  the  addition  of  any  chlorine  compound;  conversely,  the 
same  precipitate  shows  the  presence  of  chlorine  when  silver  nitrate  is  added 
to  the  solution. 

Again,  phosphorus  may  be  detected   if  present,  even  in  small  quantity. 
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in  a  nitric  acid  solution  of  a  mineral  by  the  fine  yellow  powder  which  separatea, 
Bontetimes  after  standing,  when  unimonium  molybdate  has  been  added. 


EXAMINATION  BY  MEANS  OF  THE  BLOWPIPE.* 

466.  The  use  of  the  blowpipe,  in  skilled  hands,  gives  n  quick  methoO  of 
obtaining  a  partial  knowledge  of  the  qualitative  composition  of  a  mineral. 
The  apparatus  needed  includes  the  following  articles: 

Blowpipe,  lamp,  platinum-pointed  forceps,  platinum  wire,  charcoal,  glass 
tubes;  also  a  small  hammer  with  sharp  edges,  u  steel  anvil  an  inch  or  two 
long,  a  horseshoe  magnet,  a  small  agate  mortar,  a  [jair  of  cutting  pliers,  a 
three-cornered  file. 

Further,  test-paper,  both  turmeric  and  blue  litmus  paper;  a  little  pure 
tin-foil;  also  in  small  wooden  boxes  the  0uxes:  borax  (sodium  tetraborate), 
soda  (anhydrous  sodium  carbonate),  salt  of  phosphorus  or  microcosmic  ealt 
(sodium-ammonium  phosphate),  acid  potassium  sulphate  (HKSO  );  also  a 
solution  of  cobalt  nitrate  in  a  dropping  bulb  or  bottle;  further,  the  three  acids 
mentioned  in  Art.  463. 

467.  Blowpipe  and  Lamp. — A  good  form  of  blowpipe  is  shown  in  Fig,  570. 
gijQ  The  air-chumber,  at  a,  is  ecsentiul  to  stop  the  condensed 

moisture  of  the  breath,  but  the  tip  (i),  of  platinum  or  of 

T  brass,  though  convenient  is  not  essential,  and  many  will 
prefer  to  do  without  the  mouthpiece  [c). 
The  most  convenient  form  of  lamp  is  that  furnished 
by  an  ordinary  Unnsen  gas-burner  f  (Fig.  571),  provided 
with  a  tube,  b,  which  when  inserted  cuts  off  the  uir.  sunply 
at  a;  the  gas  then  burns  at  the  top  with  the  UEunl  yellow 
■        ,  flame.    This  flame  should  be  one  to 

one  and  a  halt  inches  high.  The 
tip  of  the  blowpipe  is  held  near  (or 
just  within  the  flame,  see  beyond), 
and  the  air  blown  through  it  causes 
the  flame  to  take  the  shape  shown  in 
Figs.  573,  574. 

It  is  necesstiry  to  learn  to  blow 
continuously,  that  is,  to  keep  np  a 
bhist  of  air  from  the  compressed 
reservoir  in  tJie  mouth-ctivity  while 
respiration  is  niainluiued  through 
the  nose.  To  accomplish  this  sue- 
cessfully  and  at  the  same  time  to 
produce  a  clear  flame  wiliiout  un- 
necessary fatiguing  effort  calls  for  some  practice. 


"  Tlie  Bubjr'ct  of  the  blowpipe!  nail  its  U! 
ntuduDl  who  wishes  to  1«  fiiHv  iiironiii'il  iii 
liistniniciite,  but  nisi)  ilh  (o  nil  the  vnliiiilile  ri'i 
of  mlni'nils,  bIioiiIiI  l-oiihiiIi  n  miiDiinl  nn 
Hiitemlo|^,  u'llli  ml  1ii<n<rliii>li»ii  iin  Blntvpi) 


e  is  in-ateil  very  briefly  !□  tliiH  place.  Tlie 
it  only  in  Tej^iiil  tii  tlio  ut«  of  llii-  vnHiius 
irtJoospmciiculty  iiK^rul  In  the  idi-iilllicoilon 
ihe  snbject.  '<  ho  Mnniial  of  Deiemiiiiativa 
AniilysU,  by  Oeorgi-  J.  BniBh;  n-viwtl  nod 


enlarged  fiy  Snmm-l  L.  PenflHil  (New  York.  189K).  Is  pirticuliirly  tn  be  TecomiiiendHl. 
Anotlicr  rocciit  work  r«  llii-  MTiuiinl  of  Qunlilnllve  Bluwplpe  Atiulysls  and  DelerniluallTs 
Minvmlogy  by  F.  M.  Endllcli  (New  Yink,  IKllJ). 

\  lustvad  of  this,  a  good  Hieurio  candle  will  aiiawer,  or  an  oil  flame  with  Oat  wick. 
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When  the  tube^  b,  is  removed,  the  gas  burns  with  a  colorless  flame  and  is 
used  for  heating  glass  tubes,  test-tubes,  etc.    An  alcohol  lamp  will 
serve  the  same  purpose. 

468.  Forceps.  Wire. — The  forceps  (Fig.  572)  are  made  of  steel, 
nickel-plated,  and  should  have  a  spring  strong  enough  to  support 
firmly  the  small  fragment  of  mineral  between  the  platinum  points 
at  d.  The  steel  points  at  the  other  end  are  used  to  pick  up  small 
pieces  of  minerals,  but  must  not  be  inserted  in  the  flame.  Care  must 
be  taken  not  to  injure  the  platinum  by  allowing  it  to  come  in  contact 
with  the  fused  mineral,  especially  if  this  contains  antimony,  arsenic, 
lead,  etc. 

The  platinum  wire  required  should  be  of  the  size  designated 
No.  27.  A  piece  of  platinum-foil  is  often  useful;  also  a  small 
platinum  spoon. 

469.  Charcoal. — The  charcoal  employed  should  not  snap  and 
should  yield  but  little  ash;  the  kinds  made  from  basswood,  pine  or 
wiUow  are  best.  It  is  most  conveniently  employed  in  rectangular 
pieces,  say  four  inches  long,  nn  inch  wide,  and  three-quarters  of  an 
mcli  in  thickness.  The  surface  must  always  be  perfectly  clean 
before  each  trial. 

Instead  of  charcoal  a  support  of  the  metal  aluminium,  as  suggested  by  Boss, 
is  used  by  some  workers  with  good  results. 

470.  Olass  Tubes. — The  glass  tubes  should  be  of  rather  hard  glass  and  say 
one  sixth  to  one-qnarter  of  an  inch  in  interior  diameter.  The  smaller  size  is 
suitable  for  the  closed  tubes;  these  are  simply  made  by  heating  a  piece  six 
inches  long  in  the  middle  and  then  drawing  the  ends  apart,  the  long  ends  being 
fused  and  pinched  off.  The  larger  size  serves  for  open  tubes,  which  may  be 
five  inches  or  so  in  length. 

471.  Blowpipe  Flame. — The  blowpipe  flame,  shown  in  Figs.  573,  574,  con- 
sists of  two  cones:  an  inner  of  a  blue  color,  and  an  outer  cone  which  is  nearly 
invisible.  The  heat  is  most  intense  just  beyond  the  extremity  of  the  blue 
flame,  and  the  mineral  is  held  at  this  point  when  \t%  fusibility  is  to  be  tested. 

The  outer  cone  is  called  the  oxidizing  flame  (O.F.);  it  is  characterized 
by  the  excess  of  the  oxygen  of  the  air  over  the  carbon  of  the  gas  to  be  com- 
bined with  it,  and  has  hence  an  oxidizing  effect  upon  the  assay  This  flame  is 
best  produced  when  the  jet  of  the  blowpipe  is  inserted  a  very  little  in  the  gas 
flame  (see  Fig.  573);  it  should  be  entirely  non-luminous.  The  mineral  is  to 
be  held  at  d. 

The  inner  flame  is  called  the  reducing  flame  (K.F.) ;  it  is  characterized 
by  the  excess  of  the  carbon  or  hydrocarbons  of  the  gas,  which  at  the  high  tem> 
perature  present  tend  to  combine  with  the  oxygen  of  the  mineral  brought  into 
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it  (at  d),  or,  in  other  words,  to  reduce  it.  The  best  reducing  flame  is  produced 
when  the  blowpipe  is  held  a  little  distance  from  the  gas  flame;  it  should  retain 
the  yellow  color  of  the  latter  on  its  upper  edge  (see  Fig.  574). 
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472.  Methods  of  Ezainination. — The  blowpipe  investigation  of  minerals 
includes  their  examination,  (1)  in  the  platiniun -pointed  forceps,  (2)  in  the 
closed  and  the  open  tubes,  (3)  on  charcoal  or  otlier  support,  and  (4)  with  the 
fluxes  on  the  platinum  wire. 

1.  Examination  in  the  Forceps. 

473.  Use  of  the  Forceps. — Platinum-pointed  forceps  are  employed  to  hold 
the  fragment  of  the  mineral  while  a  test  is  made  as  to  its  fusibility;  also  when 
the  presence  of  a  volatile  ingredient  which  may  give  the  flame  a  characteristic 
color  is  tested  for,  etc. 

The  following  practical  points  must  be  regarded  :  (1)  MetHllic  minerals,  especially  those 
containing  arsenic  or  antimony,  which  when  fused  migiit  injure  the  platinum,  should  first 
be  examined  on  charcoal*;  (2)  the  fragment  taken  should  be  thin,  and  as  smull  as  can  con- 
veniently be  held,  with  its  edge  projecting  well  beyond  the  points ;  (3)  when  decrepitation 
takes  place,  the  heat  must  be  appliea  slowly,  or,  if  this  does  not  prevent  it.  the  mineral  may 
be  })owdered  and  a  paste  made  with  water,  thick  enough  to  be  held  in  the  forceps  or  on  the 
platinum  wire  ;  or  tlie  paste  may,  with  the  same  end  in  view,  be  healed  on  charcoal ;  (4)  the 
fragment  whose  fusibility  is  to  be  tested  must  be  held  in  the  hottest  part  of  the  flame,  just 
beyond  the  extremity  of  the  blue  cone. 

474.  Fusibility. — All  grades  of  fusibility  exist  among  minerals,  from  those 
which  fuse  in  large  fragments  in  the  flame  of  the  candle  (stibnite,  see  below) 
to  those  which  fuse  only  on  the  thinnest  edges  in  the  hottest  blowpipe  flame 
(bronzite);  and  still  again  there  are  a  considerable  number  which  are  entirely 
infusible  {e.g.,  corundum). 

The  exact  determination  of  the  temperature  of  fusion  is  not  easily  accom- 
plished (cf.  Art.  413,  p.  232),  and  for  purposes  of  determination  of  species  it  is 
unnecessary.  The  approximate  relative  degree  of  fusibility  is  readily  fixed  by 
referring  the  mineral  to  the  following  scale,  suggested  by  von  Kobell: 

1.  Stibnite.  4.  Actinolite. 

2.  Natrolite.  5.  Orthoclase. 

3.  Almandite  Garnet.  6.  Bronzite. 

475.  In  connection  with  the  trial  of  fusibility,  the  following  phenomena 
may  be  observed  •  (a)  coloration  of  the  fiame  (see  Art.  476) ;  {b)  sweUtna  up 
(stWhite),  or  ejrfoliation  of  the  mineral  (vermiculite);  or  (c)  gloioing  without 
fusion  (calcite);  and  (d)  intrimescence,  or  a  spirting  out  of  the  mass  as  it 
fuses  (scapolite). 

The  color  of  the  mineral  after  ignition  is  to  be  noted ;  and  the  nature  of 
the  fused  mass  is  also  to  be  observed,  whether  a  clear  or  blebby  glass  is  obtained, 
or  a  black  slag;  also  whether  the  bead  or  residue  is  magnetic  or  not  (due  to 
iron,  less  often  nickel,  cobalt),  etc. 

The  ignited  fragment,  if  nearly  or  quite  infusible,  may  be  moistened  with 
the  cobalt  solution  and  again  ignited,  in  which  case,  if  it  turns  blue,  this 
indicates  the  presence  of  aluminium  (as  with  cy an ite,  topaz,  etc.);  but  note 
that  zinc  silicate  (calamine)  also  assumes  a  blue  color.  If  it  hQcome% pink,  this 
indicates  a  compound  of  magnesium  (as  brucite). 

Also,  if  not  too  fusible,  it  may,  after  treatment  in  the  forceps,  be  placed 
upon  a  strip  of  moistened  turmeric  paper,  in  which  case  an  alkaline  reaction 
proves  the  presence  of  an  alkali,  sodium,  potassium;  or  an  alkaline  earth, 
calcium,  magnesium,  barium,  strontium. 

*  Arsenic,  antimony,  and  easily  redticible  metiUs  like  lead,  also  copi>er,  form  more  or 
less  fusible  alloys  with  platinum. 
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476.  Flame  Coloration  — The  color  often  imparted  to  the  outer  blowpipe 
flame,  while  the  mineral  held  in  the  forceps  is  being  heated,  makes  possible 
the  identification  of  a  number  of  the  elements. 

The  colors  which  may  be  produced,  and  the  substances  to  whose  presence 
they  are  due,  are  as  follows: 

Color.  Substance. 

Carmine-red Lithium. 

Purple-red Stroutium.   - 

Orange-red Calcium. 

Yellow Sodium. 

Tellotouh  green Barium. 

SUkine-grten Borou. 

Emerald-green Oxide  of  copper. 

Bluish  green Phosphoric  acid  (phosphates). 

Oreenish  blue Antimony. 

Whttish  blue Arsenic. 

Azure-blue Chloride  of  copper;  also  selenium. 

Violet Potassium. 

A  yellowish -green  flame  is  also  given  by  the  oxide  or  sulphide  of  molybdenum  ;  a 
bluish'green  flame  (in  streaks)  by  zinc;  a  pale  greeui>h  flame  by  tellurium;  a  blue  flame  by 
lead. 

477.  Kotas.— The  presence  of  soda,  even  in  small  quantities,  produces  a  yellow  flume, 
which  (except  in  the  spectroscope)  more  or  less  completely  masks  the  coloration  of  the 
flame  due  toother  substances,  e.g.,  potassium.  The  use  of  a  wedge  of  blue  glass  then 
allows  the  charucteristic  violet  color  to  be  observed.  Silicntes  are  often  so  difficultly 
decomposed  that  no  distinct  color  is  obtained  even  when  the.stibstauce  Is  present;  in  such 
cases  (e.g.^  potash  feldspar)  the  powdered  mineral  may  be  fused  on  the  platinum  wire  with 
an  equal  volume  of  gypsum,  when  the  flame  can  be  seen  (at  least  through  blue  glass). 
Again,  a  silicate  like  tourmaline  fused  v:\\\x  a  mixture  of  fluorite  and  acid  potassium 
sulphate  yields  the  characteristic  green  flame  of  boron.  Phosphates  and  borates  give  the 
green  flame  in  general  best  when  they  have  been  pulverized  and  moistened  with  sulphuric 
acid.  Moistening  with  hydrochloric  acid  makes  the  coloration  in  many  cases  (as  with  the 
carbonates  of  calcium,  barium,  strontium)  more  distinct. 

2.  Heating  in  the  Closed  and  Open  Tubes. 

478.  The  tubes  are  useful  chiefly  for  examining  minerals  containing 
volatile  ingredients,  given  off  at  tlie  temperature  of  the  gas  flame. 

In  the  case  of  the  closed  tube,  the  heating  goes  on  practically  uninfluenced 
by  the  air  present,  since  this  is  driven  out  of  the  tube  in  the  early  stages  of 
the  process.  In  the  ope7i  tube,  on  the  other  hand,  a  continual  stream  of  hot 
air,  that  is,  of  hot  oxygen,  passes  over  the  assay,  tending  to  produce  oxidation 
and  hence  often  materially  changing  the  result. 

479.  Closed  Tube. — A  small  fragment  is  inserted,  or  a  small  amount  of 
the  powdered  mineral — in  this  case  with  care  not  to  soil  the  sides  of  the  tube — 
and  heat  is  applied  by  means  of  the  ordinary  Bnnsen  flame.  The  presence  of 
a  volatile  ingredient  is  ordinarily  shown  by  the  deposit,  or  fiublimate,  upon  the 
tube  at  some  distance  above  the  assay  where  the  tube  is  relatively  cool. 

Independent  of  this,  other  phenomena  may  be  noted,  namely:  decrepita- 
tion, as  shown  by  fluorite,  calcite,  etc.;  glowing,  as  exhibited  by  gadolinite; 
phosphorescence,  of  whicli  fluorite  is  an  example;  change  of  color  (limonite), 
and  here  the  color  of  the  mineral  should  be  noted  both  when  hot,  and  again 
after  cooling;  fusion;  giving  off  oa;///7««,  as  mercuric  oxide;  yielding  acid  or 
nlknline  vapors,  which  should  be  tested  by  inserting  a  strip  of  moistened 
litmus  or  turmeric  paper  in  the  tube. 
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Of  the  sublimates  which  form  in  the  tube,  the  followiug  are  those  witii 
which  it  is  most  important  to  be  familiar: 

Substance.  Sub  imate  in  the  Closed  Tube. 

Water  (HsO) Colorless  liquid  drops. 

Sulphur  (S) Red  to  deep  yellow,  liquid;  pale  yellow,  solid. 

Tellurium  dioxide  (TeOa) Pule  yellow  to  colorless,  liquid;  colorless  or  white,  solid. 

Arsenic  sulphide  (AsaSs) Dark  red,  liquid;  reddish  yellow,  solid. 

Anliuiony  oxysulphide  (SbaSaO)*  Black  to  reddish  bruwu  ou  cooling,  solid. 

A  SL-nic  (As) Black,  brilliant  metallic  lo  gray  crystalline,  solid. 

Miiic'ury  sulphide  (HgS) Deep  black,  red  when  rubbed  very  flue. 

-Mercury  (Ilg) Gray  metallic  globules. 

Ill  addiiion  lo  the  above:  Tellurium  gives  black  fusible  globules;  selenium  the  same,  but 
in  part  dark  red  when  very  small;  the  chloride  of  lead  and  oxides  of  arsenic  audantiinouy 
give  while  solid  sublimates. 

480.  Open  Tube. — 'f he  small  fragment  is  placed  in  the  tube  about  an  inch 
from  the  lower  end,  the  tube  being  slightly  inclined  (say  20°),  but  not  enough 
to  cause  the  mineral  to  slip  out,  and  heat  applied  beneath.  The  current  of 
air  passing  upward  through  the  tube  during  the  heating  process  has  an 
oxidizing  effect.  The  special  phenomena  to  be  observed  are  the  formation  of 
a  sublimate  and  the  odor  of  the  escaping  gases.  'J'he  acid  or  alkaline  character 
of  the  vapors  is  tested  for  in  the  same  way  as  with  the  closed  tube.  Fluorides, 
when  heated  in  the  open  tube  with  pi'eviously  fused  salt  of  phosphorus,  yield 
hydrofluoric  acid,  which  gives  an  acid  reaction  with  test-paper,  has  a  peculiar 
pungent  odor,  and  corrodes  the  glass. 

The  more  important  sublimates  are  as  follows: 

Substance.  Sublimate  in  tbe  Open  Tube. 

Arsenic  trioxide  (AsaOs)  ....  White,  crystalline,  volaiile. 
Antimony  auiimonatc  (SbaO*)  Straw-yellow,   hot ;  white,    cold.     Infusible,  non-volntfle, 

amorphous.     Obtaine<l   from  stibnite.   also  the  nulph- 

aiitimoniles  {e.(j.,   bournonifc)  as  dense  white    fumes. 

Usually  accompanied  by  the  following: 
Antimony  trioxide  (SbjOs). ..  White,  crystalline!,  slowly  volatile.     From  native  antimoDy 

and  compounds  not  con'aining  sulphur.* 
Tellurium  dioxide  (TeOi). . .     White  to  pale  yellow  globules. 

Selenium  dioxide  (SeOs) While,  crystaHiiie,  volatile. 

Molybdenum  trioxide  (MoOj)  Pale  yellow,  hot;  white,  cold. 

Mercury  (Hg) Gniy  metallic  globules,  easily  united  by  rubbing. 

It  is  also  to  be  noted  that  if  the  heating  process  is  too  rapid  for  full  oxidation,  Aublf* 
mates,  like  thoseof  the  closed  tul>es,  may  be  formH.  efipeoiallv  with  sulphur  (yellow>.  nrjienic 
'    (black),  arsenic  sulphide  (orange),  mercury  sulphide  (black),  antimony  oxysulphide  (black 
to  reddish  brown). 

3.  Heating  ok  Charcoal. 

481.  The  fraginent  (or  powder)  to  be  examined  is  placed  near  one  end  of 
the  piece  and  this  so  held  that  the  flame  passes  along  its  length;  a  slight 
ridge  to  prevent  the  mineral  being  blown  off  is  somietimes  useful.  If  the 
mineral  decrepitates,  it  may  be  powdered,  mixed  with  water,  and  then  the 
material  employed  as  a  paste. 

The  reducing  flame  is  employed  if  it  is  desired  to  reduce  a  metal  {B.g.^ 
silver, copper)  from  its  ores:  this  is  the  common  case.     If,  however,  the  minend 

♦  The  distinction  here  made  is  important;  cf.  Penfield.  revised  edition  of  Brush's  Detei^ 
minative  Mineralogy,  1896. 
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is  to  be  roasted,  that  is,  heated  in  contact  with  the  air  so  as  to  oxidize  and 
volatilize,  for  example,  the  snlphnr,  arsenic,  antimony  present,  the  oxidizing^ 
flame  is  needed  and  the  mineral  should  be  in  powder  and  spread  out. 
The  points  to  be  noted  are  as  follows: 

(a)  The  odor  given  off  after  short  heating.  In  this  v  ay  the  presence  of 
sulphur,  arsenic  (garlic  or  alliaceous  odor),  and  selenium  (odor  of  decayed 
horseradish)  may  be  recognized. 

(b)  Fusion, — In  the  case  of  the  salts  of  the  alkalies  the  fused  mass  is 
absorbed  into  the  charcoal;  this  is  also  true,  after  long  heating,  of  the  car- 
bonates and  sulphates  of  barium  and  strontium.     (Art.  484.) 

(d)  The  Sublimate, — By  this  means  the  presence  of  many  of  the  metals 
may  be  determined.  The  color  of  the  sublimate,  both  near  the  assay  (N)  and 
at  a  distance  (D),  as  also  when  hot  and  when  cold,  is  to  be  noted. 

The  important  sublimates  are  the  following: 

8ub8tai303.  Su  limate  on  Charooal. 

Arsenic  trioxidc  (AssOs) White,   very  volatile,  distuut  fr.Di  the  usaiy;  also 

garlic  fumes. 

Antimony  oxides  (SbaOs  and  Sba04)  Dense  white,  volatile;  forms  near  the  assay. 

Zinc  oxide  (ZnO) Canary  yellow,    hot;    while,   cold;    moistened    with 

cobalt  nitrate  and  ignited  (O.F.)  becomes  green. 

Molybdenum  trioxide  (MoOt) Pale  yellow,  hot;  yellow,  cold;  touched  for  a  moment 

with  the  li.  P.  becomes  azure-blue.  Also  a  copper- 
red  sublimate  (M0O9)  near  the  assay. 

Lead  oxide  (PbO) Dark  yellow,   hot;    pale  yellow,  cold.     Also  (from 

sulphides)  dense  while  ^resembling  antimony),  a 
mixture  of  oxide,  sulphite,  and  sulphate  of  lead. 

Bismuth  trioxide  (BiaOt) Dark  orange-yellow  iN),  paler  on  cooling;  also  bluish 

white  (D).     See  further,  p.  2U5. 

Cadmium  oxide  (CdO) Nearly  bl-ick  to  reddish  brown  (N)  and  orange  yellow 

(D);  often  iridescent. 

To  the  above  are  nl«o  to  be  added  the  followine: 

Selenium  dioxide  ScOa.  sublimate  steel-gniv  (N)  to  white  tinged  with  red  (D);  touched 
•with  R.F.  gives  an  aznre  blue  flame:  also  nn  offensive  selenium  odor. 

Tellurium  dioxide,  TeOj.  tublimate  dense  white  (N)  to  gray  (D);  in  R  F.  volatilizes 
with  green  flame. 

Tin  dioxide.  SmO,,  sublimate  faint  vellow  hot  to  white  cold;  becomes  bluish  green 
when  moi«<tcned  with  cobalt  solution  and  ignited. 

Silver  (with  lead  and  antimony),  sublimate  reddish. 

(e)  The  Infvsible  Residue, — This  may  (1)  glow  brightly  in  the  O.F.,  indi- 
cating the  presence  of  calcium,  strontinm,  magnesium,  zirconium,  zinc,  or  tin. 
(2)  It  may  give  an  alkaline  reaction  after  ignition:  alkaline  earths.  (3)  It 
mav  be  magnetic,  showing  the  presence  of  iron  (or  nickel).  (4)  It  may  yield 
a  globule  or  mass  of  a  metal  (Art.  482). 

482.  Reduction  on  Charcoal. — In  many  cases  the  reducing  flame  alone 
suffices  on  charcoal  to  separate  the  metal  from  the  volatile  element  present, 
with  the  result  of  giving  a  globule  or  metallic  mass.  Thus  silver  is  obtained 
from  argentife  (Asr^S)  and  corargyrite  (AgCH;  copper  from  chalcocite  (Cu,S) 
and  cuprite  (Cu  .0).  etc.  The  process  of  reduction  is  always  facilitated  by  the 
use  of  soda  as  a  flux,  and  this  is  in  many  cases  (sulpharsenites,  etc.)  essential. 

The  finely  pulverized  mineral  is  intimately  mixed  with  soda,  and  a  drop  of 
water  added  to  form  a  paste.  This  is  placed  in  a  cavity  in  the  charcoal,  and 
subjected  to  a  strong  reducing  flame.  More  soda  is  added  as  that  present 
sinks  into  the  coal,  and,  after  the  process  has  been  coTitinued  some  time,  a 
metallic  globule  is  often  visible,  or  a  number  of  them,  which  can  be  removed 
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and  separately  examined.  If  not  distinct,  the  remainder  of  the  flux,  the  assay, 
and  the  surrounding  coal  are  cut  out  with  a  knife,  and  the  whole  ground  np 
in  a  mortar,  with  the  addition  of  a  little  water.  The  charcoal  is  carefully 
washed  away  and  the  metallic  globules,  flattened  out  by  the  process,  remain 
behind.  Some  metallic  oxides  are  very  readily  reduced,  as  lead,  while  others, 
as  copper  and  tin,  require  considerable  skill  and  care. 

The  metals  obtained  (in  globules  or  as  a  metallic  mass)  may  be:  iron, 
nickel,  or  cobalt,  recognized  by  their  being  attracted  by  the  magnet ;  copper, 
color  red;  bismuth,  lead-gray,  brittle;  gold,  yellow,  not  soluble  in  nitric  acid; 
silver,  white,  soluble  in  nitric  acid,  the  solution  giving  a  silver  chloride  pre- 
cipitate (p.  255);  /iw,  white,  harder  than  silver,  soluble  in  nitric  acid  with 
separation  of  white  powder  (SnO,);  lead,  lead-gray  (oxidizing),  soft  and 
fusible.  The  coatings  (see  the  list  of  sublimates  above)  often  serve  to  identify 
the  metal  present. 

The  metals  obtained  may  be  also  tested  with  borax  on  the  platinum  wire. 

483.  Detection  of  Sulphur  in  Sulphates.— By  means  of  soda  on  charcoal 
the  presence  of  sulphur  in  the  sulphates  may  be  shown,  though  they  do  not 
yield  it  upon  simple  heating.  When  soda  is  fused  on  charcoal  with  a  com- 
pound of  sulphur  (sulphide  or  sulphate),  sodium  sulphide  is  formed,  and  if 
much  sulphur  is  present  the  mass  will  have  the  Itepar  (liver- brown)  color.  In 
any  case  the  presence  of  the  sulphur  is  shown  by  placing  the  fused  mass  on  a 
clean  surface  of  silver,  and  adding  a  drop  of  water;  a  black  or  yellow  stjiin 
of  silver  sulphide  will  be  formed.  Illuminating  gas  often  contains  sulphur, 
and  hence,  when  it  is  used,  the  soda  should  be  first  tried  alone  on  charcoal, 
and  if  a  sulphur  reaction  is  obtained  (due  to  the  gas),  a  candle  or  lamp  must 
be  employed  in  the  place  of  the  gjis 

484.  It  is  also  useful  in  the  case  of  many  minerals  to  test  their  fusibility 
or  infusibility  with  soda,  generally  on  the  platinum  wire.  Silica  forms  if  not 
in  excess  a  clear  glass  with  soda,  so  also  titanic  acid.  Salts  of  barium  and 
strontium  are  fusible  with  soda,  but  the  mass  is  absorbed  by  the  coal.  Many 
silicates,  though  alone  difficultly  fusible,  dissolve  in  a  little  soda  to  a  clear 
glass,  but  with  more  soda  they  form  an  infusible  mass.  Manganese,  when 
present  even  in  minute  quantities,  gives  a  bluish-green  color  to  the  soda  bead. 

4.  Treatmext  on  the  Platinum  Wire. 

485.  Use  of  the  Fluxes. — The  three  common  fluxes  are  borax,  salt  of 
phosphorus,  and  carbonate  of  soda  (p.  254).  They  are  generally  used  with  the 
platinum  wire,  less  often  on  charcoal  (see  p.  200).  If  the  wire  is  employed  it 
must  have  a  small  loop  at  the  end;  this  is  heated  to  redness  and  dipped  into 
the  powdered  flux,  and  the  adhering  particles  fused  to  a  bead;  this  operation 
is  repeated  until  the  loop  is  filled.  Sometimes  in  the  use  of  soda  the  wire  may 
at  first  be  moistened  a  little  to  cause  it  to  adhere. 

When  the  bead  is  ready  it  is,  while  hot,  brought  in  contact  with  the  pow- 
dered mineral,  some  of  which  will  adhere  to  it,  and  then  the  heating  process 
may  be  continued.  Very  little  of  the  mineral  is  in  general  required,  and  the 
experiment  should  be  commenced  with  a  minute  quantity  and  more  added  if 
necessary.  The  bead  must  be  heated  successively  first  in  the  oxidizing  flame 
(O.F.)  aud  then  in  the  reducing  flame  (R.F.),  and  in  each  case  the  color  noted 
when  hot  and  when  cold.  The  phenomena  connected  with  fusion,  if  it  takes 
place,  must  also  be  observed. 

Minerals  contniiiinii:  Rulpliur  or  nrsenir.  or  both,  nuist  be  first  roanted  (sec  p.  261)  till 
these  subslunces  have  been  vobitilized.     If  too  iniich  of  the  iinnerul  btis  been  added  and  the 
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bead  is  hence  too  optique  to  show  the  color,  it  may,  while  hot,  be  flattened  out  with  the 
hammer,  or  drawn  out  into  a  wire,  or  part  of  it  may  l^e  removed  and  the  remainder  diluted 
with  more  of  the  flux. 

With  salt  of  phosphorus,  the  wire  should  be  held  above  the  flame  so  that  the  escaping 
gases  may  support  the  bead;  this  is  coutiuued  till  quiet  fusiou  is  altaiued. 

It  is  to  be  noted  that  the  colois  vary  much  \%iih  the  amount  of  material  present;  they 
are  also  modified  by  the  presence  of  other  meials. 

486.  Borax. — The  following  list  enumerates  the  different  colored  beads 
obtained  with  borax,  both  in  the  oxidizing  (O.F.)  and  reducing  flames  (R.F.), 
and  also  the  metals  to  the  presence  of  whose  oxides  the  colors  are  due.  Com- 
pare further  the  reactions  given  in  the  list  of  elements  (Art.  488). 

Color  in  Borax  Bead.  Substance. 

1.  Oxidizing  Flame. 

Colorless,  or  opaque  white. ..  Silica,  calcium,  alumiuiinn;  also  silver,  zinc,  etc. 

Iron,  cold— (pule  yellow,  hot,  if  iu  small  amount). 

Red,  red-brown  to  brown.. . .  Chromium  (CrOs),  hot— (yellowish  green,  cold). 

Manganese  (MnaOs).  amethysliue-red —(violet,  hot). 
Iron  (FejOs),  hot — (yellow,  cold)— if  saturated. 
Nickel  (NiO).  rtd-brown  to  brown,  cold — (violet,  hot). 
Uranium  (UOj).  hot— (yellow,  cold). 

Green Copper  (CuO),  hot — (blue,  cold,  or  bluish  green  if  highly 

saturated). 
Chromium  (UrOs),  yellowish  green,  cold— (red,  hot). 

Yellow Iron  (FcjOs).   hot — (pule   vellow  to  colorless,    cold)— but 

red-brown  and  yellow  if  saturated. 

Uranium  (UOs).  Iiot,  if  in  small  amount;  paler  on  cooling. 

Chromium  (CrOj),  hot  and  in  small  amount — (yellowish 
greeti,  cold). 

Blue Cobalt  (CoO).  hot  nnd  cold. 

Copper  (CuO).  cold  if  highly  saturated — (green,  hot), 

Violet Nickel  (NiO>,  hot — (red-brown,  cold). 

Manganese  (MnjOs),  hoi— (amethystine- red,  cold). 

2.  Reducing  Flame  (R  F.). 

Colorless Munganese  (MuO),  or  a  faint  rose  color. 

Red  Copper  (CU3O,  with  Cu).  opaque  red. 

Green Iron  (FeO),  bottle-green. 

Chromium  (CraOa),  emerald-green. 

Uranium  (UaOs),  yellowish  green  if  saturated. 

Blue Cobalt  (CoO),  hot  and  cold. 

Gray,  turbid Nickel  (Ni). 

487.  Salt  of  Phosphorus.— This  flux  gives  for  the  most  part  reactions 
similar  to  those  obtained  with  borax.  The  only  cases  enumerated  here  are 
those  which  are  distinct,  and  hence  those  where  the  flux  is  a  good  test. 

With  silicates  this  flux  forms  a  glass  in  which  the  bases  of  the  silicate  are 
dissolved,  but  the  silica  itself  is  left  insoluble.  It  appears  as  a  skeleton  readily 
seen  floating  about  in  the  melted  bead. 

The  colors  of  the  beads,  and  the  metals  to  whose  oxides  these  are  due,  are: 

Color.  Substanoe. 

Reil Chromium  in  OF.,  hot — (fine  green  when  cold). 

Green Chromium  in  O  F.  and  R.F.,  when  cold  -(red  in  O.F.,  hot). 

Molybdenum  in  R.F.,  dirty  green,  hot;  fine  green,  cold — (yellow-green 

in  O.F.). 
Uranium  in  R.F..  cold;  yellow-green,  hot. 

Vanadium,  chrome- green  iu  R  F..  cold — (brownish  red,  hot).     In  O.F. 
daik  yellow,  hot,  paler  on  cooling. 
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Color.  Substanoe. 

Yellow Molybdenam.  yellowish  greeu  in  O.F.,  hot,  paler  ou  cooliDg— (iu  R.F., 

dirty  grceu,  hut;  flue  green»  culd). 
Umuium  iu  O.F..  hoi;  ytUowibh  g»etu,  cold — (in  R.F.,  yellowish  greeo, 

hot;  grten,  cold). 
Vauudium  iu  O.i?.,   duik  yellow,   hot,   paler  ou    cooling— (iu  R.F., 
brownish  red,  hoi;  chrome  greeu,  cold). 

Violet Titanium  (TiO,)  iu  H.F.,  yellow,  hoi.     (Also  iu  O.F.  yellow,  hot;  color- 

less,  cold.) 

Chaeacteeistic  Reactions  of  the  Important  Elements  and  of  some 

OF  THEIR  Compounds. 

488.  The  following  list  contains  the  most  characteristic  reactions,  chiefly 
before  the  blowpipe  and  in  some  cases  also  in  the  wet  way,  of  the  dif- 
ferent elements  and  their  oxides.  It  is  desirable  for  every  student  to  gain 
familiarity  with  them  by  trial  with  as  many  minerals  as  possible.  Many  of 
them  liave  already  been  briefly  mentioned  in  the  preceding  pages.  For  a 
thoroughly  full  description  of  these  and  other  characteristic  tests  (blowpipe 
and  otherwise)  reference  should  be  made  to  the  volume  by  Brush  and  Penfield 
referred  to  on  p.  256. 

It  is  to  be  remembered  that  while  the  reaction  of  a  single  substance  may 
be  perfectly  distinct  if  alone,  the  presence  of  other  substances  may  more  or 
less  entirely  obscure  these  reactions;  it  is  consequently  obvious  that  in  the 
actual  examination  of  minerals  precautions  have  to  be  taken,  and  special 
methods  have  to  be  devised,  to  overcome  the  difliculty  arising  from  this  cause. 
These  will  be  gathered  from  the  **  pyrognostic  characters  "  (Pyr.)  given  in  con- 
nection with  the  description  of  each  species  in  the  Third  Part  of  this  vrork. 

For  many  substances  the  most  satisfactory  and  delicate  tests  are  those 
which  have  been  given  by  Bunsen  in  his  important  paper  on  Flame-reactions.* 
The  methods,  however,  require  for  the  most  part  so  much  detailed  explana- 
tion, that  it  is  only  possible  here  to  make  this  general  reference  to  the  subject. 

Aluminium. — The  presence  of  nluniinium  in  most  infusible  minerals,  containing  n  con- 
sidemble  nmouut,  may  be  detected  by  the  blue  color  which  they  assume  when,  nfier  being 
hented»  they  are  moistened  with  cobalt  solution  and  agnin  ignited  {e.g.,  cyaniie,  andiilusite, 
etc.).  Very  hard  minerals  (as  corundum)  must  be  first  finely  pulverized.  The  test  is  not 
conclusive  with  fusible  minerals  since  a  glass  colored  blue  by  cobalt  oxide  mny  be  formed. 
It  is  to  be  noted  that  the  infusible  calamine  (zinc  silicate)  also  assumes  a  blue  color  when 
treated  with  cobalt  nitrate. 
•  Antimony. — Antimonial  minerals  roasted  on  charcoal  give  dense  white  inodorous  fumes; 
metallic  amimony.  and  its  sulphur  compounds  give  in  the  open  tube  a  while  sublimate  of 
oxide  of  antimony  (see  p  260).  Antimony  sulphide  (stibnite),  also  many  sulphantimonitcs. 
give  in  a  stroni^  lieat  in  the  closed  tube  u  sublimate  of  antimony  oxysulphide,  black  when 
hot.  brown-red  when  cold.     See  also  p.  260. 

In  nitric  acid,  compounds  containing  antimony  deposit  white  insoluble  metantimonic 
acid. 

AvHnic. — Arsenides,  sulpharsenites,  etc.,  give  off  fumes  when  roasted  on  charcoal, 
u.sually  easily  recognized  by  their  peculiar  garlic  odor.  In  the  open  tube  they  give  a  white, 
Toiatile,  crystallintt  sublimate  of  arsenic  trioxide.  In  the  clo8<\i  tube  arsenic  sulphide 
gives  a  sublimate  dark  brown-red  when  hot.  and  red  or  reddish  yellow  when  cold:  arsenic 
and  some  arsenides  yield  a  black  mirror  of  metallic  arsenic  in  the  closed  tul)e.  In  arsenates 
the  arsenic  can  be  detected  by  the  jrarlic  o«lor  yielded  when  a  mixture  of  the  powdered 
mineral  with  charcoal  dust  and  sodium  carl)onHt<'  is  heated  (R  F.)  on  charcoal. 

Barium. — A  yellowish-green  coloration  of  the  flame  is  given  by  all  barium  salts,  except 
the  silicates;  an  alkaliue  reaction  is  usually  obtained  after  intense  iguition. 


*  Flammenreactionen,  Lieb.  Ann.,  138,  257,  1866,  or  Phil.  Mag.,  32.  81,  1866. 
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In  soluti'>ii  the  presence  of  barnim  is  proved  by  the  heavy  white  precipitate  (BaS04) 
formed  upon  the  luldiiiou  of  dilute  sulphuric  acid. 

Biamuth.— On  charcoal  alone,  or  better  with  soda,  bismuth  ^ves  a  very  chnracteristic 
orange-yellow  sublimaie;  brittle  globules  of  the  reduced  metal  are  also  obtained  (with 
soda).  Also  when  tre:ited  with  8  or  4  times  the  volume  of  a  mixture  in  equal  parts  i>f 
potassium  iodide  and  sulphur,  and  fused  on  charcoal,  a  beautiful  red  sublimate  of  bismuth 
iodide  Is  obtained;  near  the  mineral  the  coating  is  yellow. 

Boron, —lAiiuy  compounds  containing  boron  (borates,  also  the  silicates  datolite,  danbur- 
ite.  etc.)  tinge  the  tlaine  intense  yeHowish  green,  especially  if  moistened  with  sulphuric 
acid.  For  8«)nie  silicates  (as  tourmaline)  the  best  method  is  to  mix  the  powdered  mineral 
with  one  part  powdered  tluorite  and  two  imrts  potassium  bisulphate.  The  mixture  is 
moistene<l  and  placed  on  platinum  wire.  At  the  moment  of  fusion  the  green  color  aiipears, 
but  lusts  but  a  moment. 

A  dilute  hydrochloric  acid  solution  containing  boron  gives  a  reddish-brown  color  to 
turmeric  |)aper  which  has  been  moistened  with  it  and  then  dried  at  100°;  the  color  changes 
to  black  when  ammonia  is  pourt'd  on  the  paper. 

Cnleium. — Many  calcium  minerals  (carbonates,  sulphates,  etc.)  give  an  alkaline  reaction 
on  turmeric  paper  after  being  ignited.  A  yellowish-ied  color  is  given  to  the  flame  by  some 
compounds  (eg.,  cidcite  after  moistening  with  HCl);  the  stroniium  flume  is  a  much  deeper 
red 

In  solutions  (not  too  acid)  calcium  is  precipitated  as  oxalate  by  the  addition  of  ammonium 
oxalate. 

Cadmium. — On  charcoal  with  soda,  compounds  of  cadmium  give  a  characteristic  sub- 
limate of  the  reddish-brown  oxide. 

V'trbonates. — All  carbonates  effervesce  with  dilute  hydrochloric  acid,  yielding  the  odor- 
less gas  COi  {e.g.,  cilcite);  many  require  to  be  pulverized,  and  some  need  the  addition  of 
heal  (dolondle,  siderite).     Carbonates  of  lead  should  be  tested  with  nitric  acid. 

Crfitorides.^lt  a  small  portion  of  a  minend  containing  chlorine  (a  chloride,  also  pyro- 
morphitc,  etc.)  is  added  to  the  bead  of  salt  of  phosphorus,  stiturated  with  copper  oxide,  the 
bead  when  healed  is  iu.stantly  surrounded  with  an  intense  purplish  flame  of  copper  chloride. 
In  sohition  chh)riiie  gives  with  si.ver  nitrate  a  white  curdy  preci|)ilate  of  silver  chloride, 
which  darkens  in  color  on  exposure  to  the  light;  it  is  insoluble  in  nitric  acid,  but  entirely 
80  in  ammonia. 

Ci/<iTO*t/m.— Chromium  gives  with  borax  a  bead  which  (O.F.)  is  yellow  to  red  (hot) and 
j'ellowish  peen  (cold)  and  K.F.  a  fine  emerald-green.  With  salt  of  phosphorus  in  O.F. 
the  bead  is  dirty  green  (hot)  and  clear  green  (cold);  in  R.F.  the  same.  Cf.  Vanadium 
beyond  (also  p.  268). 

Cob'tU — Abeauiifid  blue  bead  is  obtained  with  borax  in  both  flames  from  minerals 
containing  cobalt;  the  color  may  be  obscured  by  considerable  iron  or  nickel  unless  these 
are  first  oxidized  off  (p.  13i).  Where  sulphur  or  arsenic  is  present  the  mineral  should 
first  he  thiiroiiii^hly  roasted  on  charcoal. 

Oopper.^Ou  charcoal,  at  least  with  sodn,  metallic  copper  can  be  reduced  from  most  of 
its  compounds.  With  Imnix  it  gives  (O.F.)  a  preen  bead  when  hot.  becoming  blue  when 
colli;  also  (11. F.),  if  saturated,  an  opaque  nd  bead  containing  Cu,0  and  often  Cu  is 
obtained. 

Mo>t  metallic  compoimds  are  soluble  in  nitric  acid.  Ammonia  produces  a  green  pre- 
cipiiale  in  the  solution,  which  is  dissolved  when  an  excess  is  added,  the  solution  taking  an 
inteii*»e  blue  color. 

Fiuo7^ne.—litiH{ed  in  the  closed  tul>e  many  fluorides  give  off  fumes  of  hvdiofluoic  ncid. 
which  read  nvu\  with  fest-pai)er  and  e:ch  the  glass.  Sometimes  potassium'bisulphate  must 
be  iid«le<l  (see  also  p.  260). 

Heated  gently  in  a  platinum  crucible  with  MilphuHc  ncid.  many  compounds  (eg.. 
fluorite)  give  off  hvdrofluon-  acid,  which  corrodes  the  exposed  parts  of  a  glass  plate  placed 
over  it  which  has  been  canted  with  wax  and  then  scratched. 

/r<iw.— With  borax  iron  cives  a  bead  (O.F  )  which  is  yellow  to  brownish  red  fnccording 
to  quanliiy)  while  hot.  but  is  colorless  to  yellow  on  cooling;  R.F.  becomes  bottle-green 
(see  p.  263).  Minerals  which  contain  even  a  small  amount  of  iron  yield  a  magnetic  mass 
when  heated  in  the  reducing  flame. 

/y^arf.— With  .soda  on  charcoal  a  malleable  globule  of  metallic  lead  is  obtained  from  lead 
compounds:  the  coating  has  a  yellow  color  near  the  assay;  the  sulphide  gives  also  a  white 
coatin'i  (PbSO,)  farther  off  (|\  261).  On  being  touched  with  the  reducing  flame  the  coat- 
ing disappears,  tingeing  the  flame  azure  blue. 

In   solutions  dilute  sulphuric  acid  gives  a  white  precipitate  of  lead  sulphate;  when 
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delicacy  is  required  au  excess  of  the  acid  is  added,  the  solution  evaporated  to  dryness,  and 
water  added;  tlie  lead  sulpbuie,  if  prescDt,  will  then  be  lefi  as  a  residue. 

Lithium  —Lithium  gives  an  iuteuse  carmine- red  to  the  outer  tlaiue,  the  color  somewhat 
resembliug  thai  of  the  sirouiiuin  flauie  but  is  deeper;  iu  very  siuail  quautities  it  is  evideut 
iu  the  spectroi>cope. 

Afagneaium. — Moisieued,  after  healing,  with  cobalt  nitrate  and  again  ignited,  a  pink 
color  is  obtained  from  some  infusible  compounds  of  magnesium  {e,g.,  brucite). 

Manga:. ese. — With  bonix  munganese  gives  a  bead  violet-red  (O.F.),  and  colorless  ( R.F.)- 
With  soda  (O.F.)  it  gives  n  bluish-green  bead:  this  reaction  is  very  delicale  and  may  be 
relied  upon,  even  in  presence  of  almost  any  other  melal. 

Mercury. — In  the  closed  tube  a  sublinnite  of  metallic  mercury  is  yielded  when  the 
mineral  is  heated  witn  dry  sodium  (.■arb<mule.  In  the  open  tube  the  sulphide  gives  a  mirror 
of  metallic  mercury;  in  the  closed  tube  a  black  lusierless  sublimate  of  HgS,  red  wheu 
rubbed,  is  obtained. 

Molybdenum. — On  charcoal  molybdenum  sulphide  gives  near  the  assay  a  copper- red 
stain  (O.F.),  and  beyond  a  while  coaling  or  the  oxide;  the  former  becomes  azure-blue  when 
for  a  moment  touched  with  \he  R.F.  Tiie  salt  of  phosphorus  bead  (O.F.)  is  yellowish 
green  (hot;  and  nearly  colorless  (cold);  also  (R  F.)  a  fine  green. 

Nickel.— Willi  borax,  nickel  oxide  gives  a  bead  wiiich  (O.F.)  is  violet  when  hot  and 
redbrown  on  cooling;  (R.F.)  the  glass  becomes  gray  and  turbid  from  the  separation  of 
metallic  nickel. 

Niobium  (Columbium). — An  acid  solution  boiled  with  metallic  tin  gives  a  blue  color. 
The  reactions  with  the  fluxes  are  not  very  satisfactory. 

Nitrates. — These  detonate  when  heated  on  charcoal.  Ileated  in  a  tube  with  sulphuric 
acid  they  give  off  red  fumes  of  nitrogen  dioxide  (NOa). 

P/io9p?iorus.— Most  phosphates  impart  a  green  color  to  the  flame,  especially  after  having 
been  moistened  with  sulphuric  acid,  though  this  test  may  be  rendered  unsatisfactory  by 
the  presence  of  other  coloring  agents.  If  they  are  used  in  the  cloved  tube  with  a  fragment 
of  metallic  magnesium  or  sodium,  and  afterward  moistened  with  water,  phosphureted 
hydrogen  is  given  off,  recognizable  by  its  disagreeable  odor. 

A  few^  drops  of  a  nitric  acid  solution,  contaming  i)hosphoric  acid,  produces  in  a  solu- 
tion of  ammonium  molybdate  a  pulverulent  yellow  precipitate  of  ammonium  phospho- 
molybdale. 

Potassium. — Potash  imparts  a  violet  color  to  the  flame  when  alone.  It  is  best  detected 
in  small  quantities,  or  when  soda  or  llthia  is  present,  by  the  aid  of  the  spectroscope.  See 
also  p.  259. 

SiUnium. —Ou  charcoal  selenium  fus<s  easily,  giving  off  brown  fumes  with  a  peculiar 
disagreeable  organic  odor;  the  sublimate  on  charcoal  is  volatile,  and  when  heated  (R.F.) 
gives  a  fine  azure-bluo  flame. 

Siiieon. — A  small  fnigment  of  a  silicate  in  the  salt  of  phosphorus  bead  leaves  a  skeleton 
of  silica,  the  bnses  being  dissolved. 

If  a  silicate  in  a  fine  |)owder  is  fused  with  sodium  carbonate  and  the  mass  then  dissolved 
in  hydroc'doric  acid  and  evnporated  to  dryness,  the  silica  is  made  insoluble,  and  when 
strong  hydrochloric  acid  is  added  and  then  water,  the  bases  are  dissolved  and  the  silica  left 
behind. 

Many  silicates,  especially  those  which  are  hydrous,  are  decomposed  by  strong  hydro- 
chloric acid,  the  silica  separating  as  a  powder  or,  after  evaporation,  as  a  jelly  (see  p.  355). 

Silver. — On  charcoal  in  O.F.  silver  gives  a  brown  coating.  A  globule  or  metallic  silver 
may  generally  be  obtained  by  heating  on  charcoal  in  O.F.,  especially  if  soda  is  added. 
Under  some  circumstances  it  is  desirable  to  have  recourse  to  cupel lat ion. 

From  a  solution  containing  any  salt  of  silver,  the  insoluble  chloride  is  thrown  down 
when  hydrochloric  acid  is  added.  This  precipitate  is  insoluble  in  acid  or  water,  but 
entirely  so  in  ammonia.     It  changes  color  on  exposure  to  the  light. 

iS^7'ow^rf/m.— Compounds  of  strontiiun  are  usually  recognizeti  by  the  fine  crimson-red 
which  they  give  to  the  blowpipe  flame;  many  yield  an  alkaline  reaction  after  ignition. 
(Cf.  barium.) 

Sfxiium. — Compounds  containing  sodium  in  large  amount  give  a  strong  3'ellow  flame. 

Sulphur.  Sulphides,  Sulphates. —Iw  the  closed  tiibe  some  sulphides  give  off  sulphur;  In 
the  open  tube  they  yield  «ulphur  dioxide,  which  bus  a  characteristic  odor  and  reddens  a 
strip  of  moistened  litmus  paper.  In  small  (piantities,  or  in  sulphates,  sulphur  is  best 
detected  by  fusion  on  charcoal  with  soda.  The  fused  mnss.  when  sodium  sulphide  has 
thus  been  formed,  is  placed  on  a  clean  silver  vn'm  and  moistened;  a  distinct  black  stain  oo 
the  silver  is  thus  obtained  (the  precaution  mentioned  on  p.  262  must  be  exercised). 
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A  solution  in  hydrochloric  acid  gives  with  barium  chloride  a  white  insoluble  precipitate 
of  barium  sulphate. 

Tellunum.—TtiUnrides  heated  in  tbe  open  tube  give  a  white  or  grayisb  sublimate, 
fusible  to  colorless  drops  (p.  260).  On  charcoal  they  give  a  white  coating  and  color  the 
R.F.  green.     //am/I^  i^  Hx^^^  ^  >•//.'•/  .J>*^/^  j»^^pt,ti,    ^me  tvYp^  ,/,  -n  rr  Xj^ 

Tin, — Minerals  containing  tin  («.^.,  cassiterite),  when  heated  on  charcoal  with  soda  or     ^^. 
potassium  cyanide,  yield  metallic  tin  in  minute  globules*,  ibese  are  malleable,  but  harder 
ibuu  silver.     Dissolved  in  nitiic  acid,  white  insoluble  stannic  oxide  separates  out. 

Titanium. — Titanium  gives  iu  the  R.F.  with  salt  of  piiospliorus  a  bead  whicb  is  violet 
when  cold.  Fused  wilb  sodium  carbonate  and  dissolved  with  bydrocbloric  iicid,  and 
heated  with  a  piece  of  metallic  tin,  the  liquid  takes  a  violet  color,  especially  after  partial 
evaporation. 

7't^/i^«^^ii.— Tungsten  oxide  gives  a  blue  color  to  the  still  of  phosphorus  bead  (K.F.). 
Fused  and  treated  as  titanium  (see  above)  with  tbe  addition  of  zinc  instead  of  tin,  gives  a 
tine  blue  color. 

Uranium. — Uranium  compounds  give  to  tbe  salt  of  phosphorus  bead  (O.F.)  a  greenish 
yellow  bead  wben  cool;  also  (R.F.)  a  tine  green  on  co(/iiug  (p.  268). 

Vancuiium. — With  borax  (O.F.)  vanadates  give  a  bead  yellow  (hot)  changing  to  yellow- 
isli  green  and  nearly  colorless  (cold);  also  (R.F.)  dirty  green  (bot).  flue  green  (cold).  With 
salt  of  pbosphorus  (O.F.)  a  yellow  to  umber  color  (thus  differing  from  chromium);  also 
(li.F.)  fine  green  (coM). 

Ztz/c— On  charcoal  compounds  of  zinc  give  a  coating  which  is  yellow  while  hot  and 
white  on  cooling,  and  moistened  by  the  cobalt  solution  and  agiiin  heated  becomes  a  fine 
green.  Note,  however,  that  the  zinc  silicate  (calamine)  becomes  blue  when  heated  after 
moistening  with  cobnlt  solution. 

Zirconium.— \.  dilute  bydrocbloric  acid  solution,  containing  zirconium,  imparts  an 
orange-yellow  color  to  turmeric  paper,  moistened  by  the  solution. 

Determinative  Mineralogy. 

488.  Determinative  Mineralogy  may  be  properly  considered  under  the 
general  head  of  Chemical  Mineralogy,  since  the  determination  of  minerals 
depends  mostly  upon  chemical  tests.  But  crystallographic  and  all  the  physical 
characters  have  also  to  be  used. 

There  is  but  one  exhaustive  way  in  which  the  identity  of  an  unknown 
mineral  may  in  all  cases  be  fixed  beyond  question,  and  that  is  by  the  use  of  a 
complete  set  of  determinative  tables.  By  means  of  such  tables  the  mineral  in 
hand  is  referred  successively  from  a  general  group  into  a  more  special  one, 
•until  at  last  all  other  species  have  been  eliminated,  and  the  identity  of  the  one 
given  is  beyond  doubt. 

A  careful  preliminary  examination  of  the  unknown  mineral  should,  how- 
over,  always  be  made  before  final  recourse  is  had  to  the  tables.  This  examina- 
t  ion  will  often  suffice  to  show  what  the  mineral  in  hand  is,  and  in  any  case  it 
should  not  be  omitted,  since  it  is  only  in  this  way  that  a  practical  familiarity 
with  the  appearance  and  characters  of  minerals  can  be  gained. 

The  student  will  naturally  take  note  first  of  those  characters  which  are  at 
once  obvious  to  the  senses,  that  is:  crystal  line  form,  if  distinct;  general  struc- 
fnre,  cleavage,  fractv re,  luster,  color  (and  streak),  feel ;  also,  if  the  specimen  is 
not  too  small,  the  apparent  weight  will  suggest  something  as  to  tne  specific 
grnvitif.  The  cliaracters  named  are  of  very  unequal  importance.  Structure, 
if  crystals  are  not  present,  and  fracture  are  generally  unessential  except  in 
(listincruishing  varieties;  color  and  luster  are  essential  with  metallic,  but 
iroiierally  very  unimportant  with  unmetallic,  minerals.  Streak  is  of  importance 
onlv  with  colored  minerals  and  those  of  metallic  luster  (p.  187).  Crystalline 
form  and  cleavage  are  of  the  highest  importance,  but  may  require  careful 
study. 

The  first  trial  should  be  the  determination  of  the  hardness  (for  which  end 
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the  pocket-knife  is  often  sufficient  in  experienced  hands).  The  second  trial 
should  be  the  determination  of  the  specific  gravity.  Treatment  of  the  pow- 
dered mineral  with  acids  may  come  next;  by  this  means  (see  pp.  254,  255)  a  car« 
bonate  is  readily  identified,  and  also  other  results  obtained.  Then  should  follow 
blowpipe  trials,  to  ascertain  the  fusibility;  the  color  given  to  the  fiame,  if  any; 
the  character  of  the  sublimate  given  off  in  the  tubes  and  on  charcoal;  the 
metal  reduced  on  the  latter;  the  reactions  with  the^na^^,  and  other  points 
as  explained  in  the  preceding  pages. 

How  much  the  observer  learns  in  the  above  way,  in  regard  to  the  nature 
of  his  mineral,  depends  upon  his  knowledge  of  the  characters  of  minerals  in 
genera],  and  upon  his  familiarity  with  the  chemical  behavior  of  the  various 
elementary  substances  with  reagents  and  before  the  blowpipe  (pp.  264  to  267). 
If  the  results  of  such  a  preliminary  examination  are  sufficiently  definite  to 
suggest  that  the  mineral  in  hand  is  one  of  a  small  number  of  species,  reference 
may  be  made  to  their  full  description  in  Part.  IV.  of  this  work  for  the  final 
decision. 

A  number  of  tables,  in  which  the  minerals  included  are  arranged  according 
to  their  crystalline  and  physical  characters,  are  added  in  the  Appendix.  They 
will  in  many  cases  a:d  the  observer  in  reaching  a  conclusion  in  regard  to  a 
specimen  in  hand. 

The  first  of  these  tables  is  intended  to  include  all  well-defined  species^ 
grouped  according  to  the  crystalline  system  to  which  they  belong  and  arranged 
under  each  system  in  the  order  of  their  specific  gravities;  the  hardness  is  also 
added  in  each  case.  The  relative  importance  of  the  individual  species  is  shown 
by  the  type  employed.  Following  this  are  minor  tables  enumerating  species 
characterized  by  some  one  of  the  proTuinent  crystalline  forms;  that  is,  those 
crystallizing  in  cubes,  octahedrons,  rhombohedrons,  etc.  Other  tables  give 
the  names  of  species  prominent  because  of  their  cleavage ;  structure  of 
different  cypes;  hardness;  luster;  the  various  colors,  etc.  The  student  is 
recommended  to  make  frequent  use  of  these  tables,  not  simply  for  aid  in  the 
identification  of  specimens,  but  rather  because  they  will  help  him  in  the 
difficult  task  of  learning  the  prominent  characters  of  'the  more  important 
minerals. 
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489.  Scope  of  Descriptive  Mineralogy. — It  is  the  province  of  Descriptive 
Minenilogy  to  describe  each  mineral  species,  as  regards:  (1)  form  and  structure; 
(2)  physical  characters;  (3)  chemical  composition  and  allied  blowpipe  char- 
acters; (4)  occurrence  in  nature  with  reference  to  geographical  distribution 
and  association  with  other  species;  also  in  connection  with  the  above  to  show 
how  it  is  distinguished  from  other  species.  Further,  to  classify  mineral 
species  into  more  or  less  comprehensive  groups  according  to  those  characters 
regarded  as  most  essential.  Other  points  which  may  or  may  not  be  included 
are  the  investigation  of  the  methods  of  origin  of  minerals;  the  changes  that 
they  undergo  in  nature  and  the  results  of  such  alteration;  also  the  methods 
by  which  the  same  compounds  may  be  made  in  the  laboratory;  finally,  the 
uses  of  minerals  as  ores,  for  ornament  and  in  the  arts. 

490.  Scheme  of  Classification.— The  method  of  classification  adopted  in  this 
work,  and  the  one  which  can  alone  claim  to  be  thoroughly  scientific,  is  that 
which  places  similar  chemical  compounds  together  in  a  common  class  and 
which  further  arranges  the  mineral  species  into  groups  according  to  the  more 
minute  relations  existing  between  them  in  chemical  composition  and  in 
crystalline  form  and  other  physical  properties.'' 

Upon  this  basis  there  are  recognized  eight  distinct  classes,  beginning  with 
the  Native  Elements;  these  are  enumerated  on  the  following  page.  Under 
each  of  these,  sections  of  different  grades  are  made,  also  based  on  chemical 
relationships.  Finally,  the  mineral  species  themselves  are  arranged,  as  far  as 
possible,  in  isomorphous  groups,  including  those  which  have,  at  once,  analo- 
gous chemical  composition  and  similar  crystallization  (see  Art.  456).  It  is 
unnecessary  to  take  the  space  here  to  develop  the  entire  scheme  of  classi- 
fication in  detail,  since  a  survey  of  the  successive  sub-classes  under  any  one  of 
the  divisions  will  make  the  principles  followed  entirely  clear.  A  few  remarks, 
only,  are  added  for  sake  of  illustration. 

Under  the  Oxides,  for  example,  the  classification  is  as  follows:  First,  the 
Oxides  of  silicon  (quartz,  tridymite;  opal).  Second,  the  Oxides  of  the  semi- 
metals,  tellurium,  arsenic,  antimony,  bismuth,  also  molybdenum,  tungsten. 
Third,  the  Oxides  of  the  metals,  as  copper,  zinc,  iron,  manganese,  tin,  etc. 
The  third  section  is  then  subdivided  into  the  anhydrous  and  hydrous  species. 
Further,  the  former  fall  Into  the  four  divisions:  Protoxides,  11,(5  and  RO;  Sea- 
quioxides,  R,0,;  Intermediate  oxides,  RO,R,0,;  Dioxides,  RO,.  Under  each 
of  these  heads  come  finally  the  individual  species,  arranged  so  far  as  possible 
in  isomorphous  groups.  Thus  we  have  the  Hematite  group,  the  Rutile 
group,  etc. 

In  regard  to  the  various  classes  of  salts  it  may  be  stated  that,  in  general, 
they  are  separated  into  anhydrous,  acid,  basic  and  hydrous  sections;  the 
special  subdivisions  called  for,  however,  vary  in  the  different  cases. 

For  i»n  explaDation  of  the  abbrevlatioDs  used  in  the  descripiioD  of  species,  see  p.  4. 
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SCHEME  OF  CLASSIFICATION. 

I.  liATITE  ELEKENTB. 

II.  SULPHISES,  Selenideb,  Tellubideb,  Abbekibeb,  Antimonideb. 

III.  Sulpho-salts SULPHABBENITES,  SlTLPHAKTIMOKITES,  SULFHOBISMUTH- 

ITES. 

IV.  Haloids.— Ghlobides,  Bbomides,  Iobibes;  Fluobideb. 
V.  Oxides. 

VI.  Oxygen  Salts. 

1.  Gabbobateb. 

2.  silicates,  titabateb. 

3.  NiOBATES,  TABTALATEB. 

4.  Phosphates,    Absebateb,    Vabadateb;    Abtimobateb.    Vi- 

TBATES. 
6.  BOBATES.      UBABATEB. 

6.  Sulphates,  Ghbomates,  Tellubateb. 

7.  tubostates,  moltbdates. 

VII.  Salts  of  Organic  Acids:  Oxalates,  Mellates,  etc. 

VIII.  Htdbocabbob  Compoubds. 


KATIVE   ELEMENTS. 
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I.    NATIVE    EIiEMEirrS. 

The  NATIVE  ELEMENTS  are  divided  into  the  two  distinct  sections  of  the 
Metals  and  the  Nou-inelals,  and  these  are  connected  by  the  transition  class  of 
the  Semi- metals.  The  distinction  between  them  as  regards  physical  characters 
and  chemical  relations  has  already  been  given  (Art.  487). 

The  only  non-metah  present  among  minerals  are  carbon,  sulphur,  and 
selenium;  the  last,  in  one  of  its  allotropic  forms,  is  closely  related  to  the  semi- 
metal  tellurium. 

The  native  semi-metals  form  a  distinct  group  by  themselves,  since  all 
crystallize  in  the  rhombohedral  system  with  a  fundamental  angle  differing  a 
few  degrees  only  from  90°,  as  shown  in  the  following  list: 


Tellurium,  rr'  =  93°    3'. 
Antimony,  rr'  =  92°  53'. 


Arsenic,  r?-'  =  94°  54'. 
Bismuth,  rr'  =  92°  20'. 


An  artificial  form  of  selenium  is  known  with  metallic  luster  and  rhombo- 
hedral in  crystallization,  with  rr'  =  93°.  Zinc  (also  only  artif.)  is  rhombohe- 
dral {rr'  =  93°  46')  and  connects  the  semi-metals  to  the  true  metals. 

Among  the  metals  the  isometric  Gold  group  is  prominent,  including  gold, 
silver,  copper,  mercury,  amalgam  (AgHg),  and  lead. 

Anotner  related  isometric  group  includes  the  metals  platinum,  iridium, 
palladium,  and  iron;  further  pallaaium  is  rhombohedral  and  also  iridosmine 
(IrOs). 

DIAMOND. 

Isometric  and  probably  tetrahedral,  but  the  -f-  and  —  forms  not  distin- 
^ished.  Commonly  in  octahedrons,  also  hexoctahedrons  and  other  forms; 
faces  frequently  rounded  or  striated  and  with  triangular  depressions  (on  o). 


676. 


676. 


677. 


Twins  common  with  tw.  pi.  o.     Crystals  often  distorted.     In  spherical  forms; 
massive. 

Cleavage:  o  highly  perfect.  Fracture  conchoidal.  Brittle.  II.  =  10. 
G.  =  3'5lG-3*525  crystals.  Luster  adamantine  to  greasy.  Color  white  or 
o<»lorless;  occasionally  various  pale  shades  of  yellow,  red,  orange,  green,  blue, 
brown;  sometimes  black.  Usually  transparent;  also  translucent,  opaque. 
Refractive  and  dispersive  power  high;  index  Uj  =  2*4195.     (See  Art.  306.) 

Var. — 1.  Ordiruiry.  In  crystals  usuiilly  with  rounded  faces  and  varying  from  those 
which  tire  colorless  and  free  from  flaws  {first  water)  through  many  fnint  shades  of  colrir, 
yellow  the  most  common;  often  full  of  flaws  and  hence  of  value  only  for  culling  purposes. 
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2.  Bort  or  Boott ;  rouDded  forms  wiih  rough  exterior  and  radiated  or  confused  crystal- 
line struclure. 

8.  Carbonado  or  Carbon;  black  diuinond.  Massive,  crystnlliue,  grnnulur  to  compact, 
witbouL  cleavage.  Color  black  or  gmyish  black.  Opaque.  Obtained  chiefly  from  Biihia, 
Brazil. 

Comp. — Pure  carbou;  the  vai'iety  carbonado  yields  on  combustion  a  slight 

ash. 

Pyr..  etc. — Unaffected  by  heat  except  at  very  high  tempei-aiures,  when  (in  an  oxygen 
atmoHphere)  il  bums  to  carbon  dioxide  (CO3);  out  of  contact  wiih  the  air  irausfoinied  into 
a  kind  of  coke.     Nv>t  acted  upon  by  acids  or  alkalies. 

Di£f — D18  inguished  (eg.,  from  quartz  crystal)  by  its  extreme  hardness  and  brillinnt 
adamantine  luster;  the  form,  cleavage,  and  hiKii  specitic  gravity  are  alfeo  dibtinctive  char- 
acters; it  is  optically  isotropic:  transparent  to  X-rays. 

Obs. — The  diamond  occurs  chietiy  in  alluvial  deposits  of  gravel,  sand,  or  clay,  asso- 
ciated with  quartz,  gold,  platinum,  zircon,  ociahedrite,  ruiile,  brookite,  himatite,  iimeiiite, 
anil  aKso  andalusite,  chrysoberyl,  topaz,  corundum,  tourmaline,  garnet,  etc.;  the  n^£OciaU'd 
minerals  being  those  common  in  granitic  rocks  or  granitic  veins.  Also  found  in  quartzo^e 
conglomerates,  and  further  in  connection  with  the  laminated  granular  quaitz  rock  or 
qnartzose  bydroinica  schist,  itacolumpte,  which  in  tidn  slabs  is  more  or  less  flexible.  'Ibis 
rock  occurs  at  the  mines  of  Brazil  and  the  Urals;  and  also  in  Georgia  and  >ioith  Carolina, 
where  a  few  diamonds  have  l)een  found. 

It  has  been  reported  as  occurring  in  situ  in  a  pegmatite  vein  in  gneiss  nt  Bellnry  in 
India.  It  occurs  further  in  connection  with  nn  eruptive  peridotite  in  South  Afiica.  It  has 
been  noted  as  grayish  particles  forming  one  per  cent  of  the  mettoiite  which  fell  ut  ICovo- 
Urei,  Russia.  Sept.  22,  1886;  also  in  the  form  of  black  diamond  (H.  =  9)  in  the  meteorite 
of  Carcote.  Chili;  in  the  meteoiic  iron  of  Cufion  Diablo,  Arizona.  It  has  been  foinied 
artificially  by  Moissim. 

India  was  the  chief  source  of  diamonds  from  very  early  times  down  to  the  difrovcry  of 
the  Brazilian  mines;  the  yield  is  now  small.  Of  the  localities,  that  iuECUtl  cm  India,  in  the 
Madras  presdency.  included  the  famons  "Golconda  mhies."  The  dirmcnd  dtpofils  of 
Brazil  have  been  worked  since  the  early  part  of  the  18th  century,  ard  have  jieUkd  veiy 
largely,  although  at  the  present  time  the  amount  obtained  is  small.  The  d  ost  in  fcTii.nt 
region  was  that  near  Diamantina  in  the  province  ci  Mints  Gernes;  also  frrni  Btlda,  etc. 

The  discovery  of  diamonds  in  South  Africa  dates  from  1867.  They  weie  tut  U  \  id  in 
the  gmvel  of  the  Vanl  river;  they  occur  from  P(.lchefstroom  down  to  \hv  ji  i:cti(  n  Miih  il:e 
Orange  river,  and  along  the  latter  as  far  as  Iloj^e  Town.  These  Href  diairis  inc  nw 
compamtively  unproductive,  and  have  been  nearly  abandoned  for  iLe  cip  dii^ir.^i, 
discovered  in  1871. 

The  latter  are  chiefly  in  Griqualand-West,  south  of  the  Vnal  river,  en  the  bolder  of  the 
Orange  Free  State.     There  are  here  a  number  of  limited  areas  appioxin  f.ttly  f]Leiical  or 
oval  in  f<»rm.  with  an  average  diameter  of  some  200  to  £00  >ards,  of  which  EiniUrlcy,  De 
Beer's,  Du  Toil's  Pan  and  Bultfontein   are   the  most   important.     A  ciide  £j  mdes  in 
diameter  encloses  the  four  principtd  diamond  mines.     The  general  stiuctuieis  tinn'Iir:  a 
wall  of  nearly  horizontal  black  carbonaceous  tfhale  with  upturned  (dges  cncUfeirg  the 
diamantiferous  area.     The  upper  )M>rtion  of  the  deposit  (onsistsof  a  friable  nacs  of  little 
coherence  of  a  pale  3'ellow  color,  called  the  " yellow  ground.*'    Below  the  lench  of  atnoa- 
pheric  influences,  the  rock  is  more  lirm  and  of  n  bluish  green  or  greenish  color;  it  is  called 
the  "blue  ground"  or  simply  'Mho  blue."    This  consirls  essentially  of  a  serpinlinoua 
breccia:  a  base  of  hydrated  magncsian  sil.cate  penetrated  by  cakiie  and  opaline  silica  and 
enclosing  fragments  of  bronzire.  diallage,  also  garnet,  magnetite,  and  ilmenite,  and  less 
commonly  smaragdite,  pvrite,  zircon,  etc.     The  diamonds  are  rather  abundantly  ditpimi- 
nated  throusrh  the  mass,  in  some  claims  to  the  amount  c  f  4  to  6  carrts  per  cubic  yard.     The 
original  rock  seems  to  Inive  been  a  peculiar  type  of  peridotite.     These  an  as  are  believe  d 
to  be  volcanic  pipes,  and  the  occurrence  of  the  diamonds  is  obviously  connecteti  with  tbe 
eruptive  outflow,  they  having  prolwihly  been  brought  up  from  underlying  rocks.     The 
Sontli  African  mines  in  Griqnabind  np  to  June  1896  are  estimated  to  have  yielded  60 
million  carats  (18  tons)  of  diamonds,  valued  at  al>out  870  million  dollars. 

Diamonds  are  also  obtained  in  Borneo,  associated  with  platinum,  etc. ;  in  Australia,  and 
the  Urals. 

In  the  U.  S.  a  few  crystals  have  been  met  with  in  No.  Carolina,  Georgia,  and  Vii^nla; 
several  have  been  f(mnd  in  Wisronsin.  also  in  California  at  several  points.  Reported  from 
Idaho  and  from  Oregon  with  platinum. 

Some  of  the  famous  diamonds  of  the  world  with  their  weights  are  as  follows:  the 
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KohtDoor,  which  weighed  when  brought  to  England  186  carats,  and  as  recut  as  a  brilliant, 
106  carats;  the  Orlov,  198  curats;  the  Hegeut  or  Pitt,  187  caruis;  the  Florentine  or  Qrand 
Duke  of  Tuscany,  183  ctiruts:  tiie  Suncy.  58  carats.  The  ''Star  of  the  South,"  found  in 
Brazil  in  1858,  weighed  before  and  after  cutting  respectively  254  and  1*^5  cumts.  Also 
famous  because  of  the  rarity  of  their  color  are  the  green  diamond  of  Dresden,  40  carats,  and 
the  deep  blue  Hope  diamond  from  India,  weighing  44  carats.  The  history  of  the  above 
stones  and  of  others  is  given  in  many  works  on  gems. 

South  Africa  has  yielded  some  very  large  stones.  Among  these  may  be  mentioned  the 
foUowing:  The  Victoria  (or  tbe  Imperial)  from  one  of  the  Kimberley  mines  weighed  as 
found  457  carats;  the  Stewart  weighed  before  and  after  cutting  288  and  120  carats  respect- 
ively: tlie  Tiffany  diamond,  of  a  brilliant  golden  yellow,  weighs,  cut  as  a  double  brilliant, 
1*25  carats.  The  Excelsior  from  Jagersfontein  weighed  when  found  971  ciunts  and  was  S 
inches  in  its  largest  dimension;  this  Is  the  largest  ever  known  to  have  been  discovered. 

Cliftonitb.— Carbon  in  minute  cubic  crystals.  H.  =  2*5.  G.  =  2*12.  Color  and 
streak  black;  from  the  Youndegin.  West  Australia,  meteoric  iron,  found  in  1884. 


Plumbago.     Black  Lead. 

Illiombohedral.  In  six-sided  tubular  crystals.  Commonly  in  embedded 
foliated  masses,  also  columnar  or  radiated;  scaly  or  slaty;  granular  to  com- 
pact; earthy. 

Cleavage:  basal,  perfect.  Thin  laminae  flexible,  inelastic.  Feel  greasy. 
H.  =  1-2.  G.  =  2'09-2*23.  Luster  metallic,  sometimes  dull,  earthy.  Color 
iron-black  to  dark  steel-gray.     Opaque.     A  conductor  of  electricity. 

Comp. — Carbon,  like  the  diamond;  often  impure  from  the  presence  of  iron 
sesquioxide,  clay,  etc. 

Pyr.,  etc.— At  a  high  temperature  some  graphite  burns  more  easily  than  diamond, 
other  varieties  less  so.     B.B.  infusible.     Unaltered  by  acids. 

Di£ — Characterized  by  its  extreme  softness  (soapy  feel)*  iron-black  color;  metallic 
luster;  low  specitlc  gravity;  also  by  iufusibility.     Cf.  molybdenite,  p.  285. 

Obs. — Graphite  occurs  in  beds  and  embedded  masses,  laininse.  or  scales,  in  granite, 
gneiss,  mica  schist,  crystalline  limestone.  It  is  in  some  places  a  result  of  the  alteration  by 
neat  of  coal.     Often  observed  in  meteoric  irons.     A  common  furnace  product. 

Occurs  at  Borrowdule  in  Cumberland;  nt  Arendal  in  Norway,  in  quartz;  in  the  Ural, 
Finland;  Passau  in  Bavaria.  In  Irkutsk,  in  the  Tunkinsk  Mts..  in  eastern  Siberia,  the 
Alibert  graphite  mine  affords  some  of  the  best  graphite  of  the  world.  Large  quantities 
are  brought  from  the  East  Indies,  esiiecially  from  Ceylon. 

Forms  beds  in  gneiss,  at  Siurbridee,  Mass.;  at  Ticonderoga,  N.  Y.,  with  p3'roxene  and 
titanite;  and  at  Hillsdale,  Columbia  Co  ,  N.  Y. ;  Byers.  Chester  Co.,  Pa.;  Loudon  Co.,  Va. ; 
Wake  Co.,  N.  C.  A  graphitic  earth  is  mined  for  paint  in  Arkansas.  In  California,  in 
Alpine  Co.,  Kern  Co.,  etc.  In  Humboldt  Co.,  Nevada;  Beaver  Co.,  Utah;  Albany  Co., 
Wyoming.     A  large  deposit  occui-s  at  St.  John,  New  Brunswick. 

The  name  black  lead,  applied  to  this  specii  s.  is  inappropriate,  as  it  contains  no  lead. 
The  name  graphite,  of  Werner,  is  derived  from  yfjix<f>eiy,  to  write,  alluding  to  its  use  for 
"  lead  "  pencils. 

ScHUNOTTE.    Amorphous  carbon  observed  in  some  schists. 

SULPHUR. 

Orthorhombic.     Axes  d:l:t=^  0-8131  :  1  :  1-9034. 
678.  679.  680.  681.  682. 
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683. 


mm 

',  110  A  110  =  78"  14'. 

C€, 

001  A  101  =  m"  52'. 

en. 

001  A  Oil  =  62"  17'. 

es. 

001  A  118  =  45"  10'. 

cp, 

001  A  111  =  71"  40'. 

PP'^ 

Ill  A  ill  =  94"  52'. 

PP"\ 

,  111  A  111  =  73°  84'. 

Crystals  commonly  acute  pyramidal;  sometimes  thick  tabular  ||  c,  also 
sphenoidal  in  habit  (Fig.  583).    See  also  Figs.  66^  p.  30,  and  302,  p.  94.     Also 

massive,  in  reniform  shapes,  in- 
crusting,  stalactitic  and  stalag- 
mitic;  m  powder. 

Cleavage :  c,  m,  p  imperfect. 
Fracture  conch oidal  to  uneven. 
Rather  brittle  to  imperfectly 
sectile.  H.  =  1-5-2-5.  G.  = 
205-209.  Luster  resinous. 
Color  sulphur- yellow,  straw-  and 
honey-yellow,  yellowish  brown, 
greenish,  reddish  to  yellowish  gray.  Streak  white.  Transparent  to  trans- 
lucent. A  non-conductor  of  electricity;  by  friction  negatively  electrified. 
Optically  +.  Double  refraction  strong.  Ax.  plane  ||  b,  Bx  _L  c.  Dispersion 
p  <  IK    2H„.r  =  103°  18'  Dx.     Refractive  indices,  see  p.  208. 

Comp.,  Var.— Pure  sulphur;  often  contaminated  with  clay,  bitumen,  and 
other  impurities. 

Sulphur  may  also  be  obtaiued  in  the  laboratory  in  other  allotropic  forms;  a  moDOcliuic 
form  is  common. 

Pyr.,  etc.— Melts  at  lOS""  C,  and  at  270"  burns  with  a  bhiish  flume  yieldine  sulphur 
dioxide.  Insohible  iu  water,  and  uot  acted  on  by  the  acids,  but  soluble  hi  carbou 
disulphide. 

Di£EL — Readily  distinguished  by  the  color,  fusibility  and  combustibility. 

Obs. — The  great  repositories  of  sulphur  are  either  beds  of  jcrypsu'n  and  the  associate 
rocks,  or  the  regions  of  active  and  extinct  volcanoes.  Iu  the  valley  of  Nolo  and  Mazzaro, 
in  Sicily;  at  Conil,  in  Spain;  Bex,  Switzerland;  Cracow,  Poland,  it  occurs  in  the  former 
situation;  nunr  Bologna.  Italy,  in  One  crystals,  embedded  in  bitumen.  Sicily  and  the 
neighboring  volcanic  isles;  the  Solfatara,  near  Naples;  the  volcanoes  of  the  Pacilic  ocean, 
etc.,  are  localities  of  the  latter  kind.  It  is  also  deposited  from  liot  springs  in  Icohind;  and 
is  met  with  in  certain  metallic  veins,  thus  with  lead  ores  near  Mtlseii  and  at  Monte  Poni, 
Sardinia.  The  Sicilian  mines  at  Girgenti  yield  large  quantities  for  commerce,  including 
beautifully  crystallized  specimens. 

Sulphur  is  found  near  the  sulphur  springs  of  New  York,  Virginia,  etc.,  spaHngly;  In 
many  coal  deposits  and  elsewhere,  where  pyrites  is  under.L'oing  decomposition;  in  minuto 
crystals  on  cleavage  surfaces  of  galena,  Phenixville,  Pn.  Some  important  deposits  occur 
in  the  western  U.  S.,  as  in  Wyoming,  in  the  Uintah  Mts.,  30  miles  s  e.  of  Evansion;  in 
Nevada.  Humboldt  county;  Steamboat  Springs.  Washoe  Co  ;  Columbus,  Esmeralda  Co. 
In  southern  Utah  in  large  deposits,  at  Cove  Creek.  Millard  county.     In  Oalifomiji,  at  the 

feysers  of  Niipa  vnlley.  Sonoma  Co. ;  in  Santa  Barbnm  in  gooi I  crystals;  near  Clear  Lake, 
«ake  Co..  a  large  deposit.     In  the  Yellowstone  Park,  in  deposits  and  about  the  fumaroles. 

Selenaulphur.  Contains  sulphur  and  selenium,  orange-red  or  reddish  brown;  from 
the  islands  Vulcano  and  Lipari. 

ARSENIC. 

Rhombohedral.  Generally  granular  massive;  sometimes  reticulated, 
reniform,  stalactitio. 

Cleavage:  c  highly  perfect.  Fracture  uneven  and  fine  granular.  .Brittle. 
H.  =  3*5,  G.  =  r)*63-5'73.  Luster  nearly  metallic.  Color  and  streak  tin- 
%  white,  tarnishing  to  dark  gray. 

Comp. — Arsenic,  often  with  some  antimony,  and  traces  of  iron,  silver,  gold, 
or  bismuth. 

Pjr, — B.B.  on  charcoal  volatilizes  without  fusing,  coats  the  coal  with  while  anenic 
trioxide,  and  affords  a  garlic  odor;  the  coating  treated  in  R.  F.  volatilizes,  tingeing  the 
flame  blue. 

Obs, — Occurs  in  veins  in  crystalline  r(K!ks  and  the  older  schists,  often  accompanied  by 
ores  of  antimony,  ruby  silver,  realgar,  sphalerite,  and  o*her  metallic  minerals.  Thus  in  the 
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silver  mines  of  SazoDj;  also  Andrensber^r:  JoAchimsthal,  Bohemia ;  in  Hungary;  Norway, 
etc.  Abundant  at  Cbafiarpillo,  Chili.  lu  the  U.  8.  spadngly  at  Haverhill  and  Jackson, 
N.  H.;  near  Leadville,  Colorado;  Watson  Creek,  British  Columbia. 

Allemontite.  Arsenical  Antimony,  SbAss.  In  reniform  masses.  G.  =  6*203.  Luster 
metallic.     Color  tin-white  or  reddish  gray.     From  Allemont;  Pribnim,  Bohemia,  etc. 

Tellurium.  In  prismatic  crystals  (Fig.  14,  p.  10):  commonly  columnar  to  fine-granular 
mussive.     Q.  =  6*2.    Color  tin-white.     From  Transylvania  and  Colorado. 

ANTIMONT. 

Rhombohedral.  Generally  massive,  lamellar  and  distinctly  cleavable';  also 
radiated;  granular. 

Cleavage:  c  highly  perfect;  also  other  cleavages.  Fracture  uneven; 
brittle.  H.  =  3-3*5.  G.  =  6-65-6  72.  Luster  metallic.  Color  and  streak 
tin-white. 

Comp. — Antimony,  containing  sometimes  silver,  iron,  or  arsenic. 

Pyr.— B.B.  on  charcoal  fuses,  gives  a  white  coating  in  both  O.  F.  and  R.  F. ;  if  the 
blowing  be  intermitted,  the  globule  continues  to  glow,  giving  off  white  fumes,  until  it  is 
finnlly  crusted  over  with  prismatic  cnystals  of  antimony  irioxide.  The  white  coating 
linges  the  R.  F.  bluish  green.     Crystallizes  readily  from  fusion. 

Obs.— Occurs  near  Sala  in  Sweden;  Audreasbere  in  the  Harz;  Allemont,  Dauphin^; 
Pribnim,  Bohemia;  Mexico;  Chili;  Borneo.  In  the  U.  8.,  at  Wan-en,  N.  J.,  rare;  in  Kein 
Co.,  Cal.  At  Prince  William  parish,  York  Co.,  N.  Brunswick. 

BISBfUTH. 

Rhombohedral.     Usually  reticulated,  arborescent;  foliated  or  granular. 

Cleavage:  c  perfect.  Sectile.  Brittle,  but  when  heated  somewhat  malle- 
able. H.  =  2-2*5.  G.  =  9-70-9-83.  Luster  metallic.  Streak  and  color 
silver- white,  with  a  reddish  hue;  subject  to  tarnish.     Opaque. 

Comp.,  Var. — Bismuth,  with  traces  of  arsenic,  sulphur,  tellurium,  etc. 

Pyr.,  etc.— B  B.  on  charcoal  fuses  and  entirely  volatilizes,  jdving  a  coating  orange- 
yellow  while  hot,  lemon  yellow  on  cooling.  Fuses  at  266"  C.  Dissolves  in  nitric  acid; 
subsequent  dilution  cauf^s  a  white  precipitate.     Crystallizes  readily  from  fusion. 

Obs. — Occurs  in  veins  in  gneiss  and  other  crystalline  rocks  and  cliiy  slate,  accompanying 
various  ores  of  Mlver.  cobalt,  lead  and  zinc.  Thus  at  the  mines  of  Saxony  and  Bohemia, 
etc.;  Meymic.  Cori-^ze,  Prance.  Also  at  Modum,  Norway;  at  Falun,  Sweden.  In  Corn- 
wall and  Devonshire;  near  Copiapo,  Chili:  Bolivia. 

Occurs  nt  Monroe,  Conn.;  Brewer's  mine.  Chesterfield  district,  S.  Car.;  near  Cummins 
City,  and  elsewhere  in  Colorado. 

Zinc  Probably  does  not  occur  in  the  native  state.  In  the  laboratory  it  is  obtained  in 
hexagonal  prisms  with  ta)>ering  pyramids;  also  in  complex  crystalline  aggregates.  It  also 
appears  to  crystallize  in  the  isometric  system,  at  least  in  various  alloys. 


Gold  Group. 
GK>IiD. 

Isometric.  Distinct  crystals  rare,  o  most  common,  also  e?  (110),  w  (331  >, 
and  X  (IS'lO'l);  crystals  often  elongated  in  direction  of  an  octahedral  axis, 
giving  rise  to  rhombohedral  forms  (Figs.  452,  453,  p.  135),  and  arboresceia 
shapes;  also  in  plates  flattened  ||  o,  and  branching  at  60**  parallel  either  to  the 
edges  or  diagonals  of  an  o  face  (see  pp.  131,  132).  Twins:  tw.  plane  o. 
Skeleton  crystals  common ;  edges  salient  or  rounded;  in  filiform,  reticulated, 
dendritic  shapes.  Also  massive  and  in  thin  laminae;  often  in  flattened  grains 
or  scales. 

Cleavage  none.  Fracture  hackly.  Very  malleable  and  ductile.  H.  =  2*5-3. 
G.  =  15*6-19*3,  19'33  when  pure.  Luster  metallic.  Color  and  streak  gold- 
yellow,  sometimes  inclining  to  silver-white  and  rarely  to  orange-red.    Opaque. 


DESCBIPTIVE    MlttBRAI/MlT. 


Comp^  Tar. — Gold,  but  usually  nlloyed  with  silver  in  Tarying  amoniita  and 
sometimes  cootaining  also  traces  of  copper  or  iron. 


«.  =  (311) 


«  =  (I8-10-1) 


V«.— 1.  Ordinnrg.  Containing  up  to  16  p.  c.  of  silver.  Color  raryiDg  accordiDgly 
from  deep  giildytllow  lo  polo  yelluw,  miil  spetiflc  gnivlty  fmm  IB'3  to  IB  6.  TLb  nitiu  of 
gotil  lo  HJIver  iif  3:1  c<irros|x>3<l3  lo  IS  1  ]>.  c.  silver.  For  O.  =  ITU,  Ag  =  9  p.  c  ; 
O.  =  18-8,  Ag  =  183:  G.  =  IIB,  Ag  =  aS-4.  Rose.  Tlic  piireM  golil  wliii:b  luis  bmu 
<lc*oribi'il  Ih  tliul  from  Mxiiut  Morxiia.  in  QiiueiiiilaDil,  whicli  lius  yielded  907  lu  MS  of 
g,a\A,  Ibc  remHiuilcr  being  ci)|>perWlib  a  lillli:  iron:  silver  iepreseut  oiilyas  a  mjiiitr«  (r»c«. 

8.  Ari/tnlifirout :  Eleeteam.  Cjbr  pale  yelli>w  to  yellowiab  white:  G  =  15-5-I8-3. 
R^itlo  Tor  ilie  goM  uud  ■'ilTt-roF  1 ;  1  corruspimils  to  30  p.  c.  ot  silver;  11:1,  to  39  p.  c; 
2:1.  to  'Jl  ]>.  c;  'Zi:  1.  to  18  p.  c.  Tlie  word  In  (Ji-eek  niaini  tiaoambei-:  aud  ilaiuefor 
tkiK  alii>y  prubiLbly  iirosi:  fnim  III:  rnle  yellow  color  it  bas  as  conip:iri'd  wilb  gold. 

Viiriet.ii«  liav<'  also  lienii  deHnribed  conlnliitog  palladium  to  ID  p.  c.  (porpen'fa),  from 
Porne/,  Itmzil ;  bismulli,  lucliidlug  tlie  blacic  gold  of  Aiiairulla  {maldonite,  Olricti) ;  ttlaa 
rbulliiniC?). 

Pyr.,  ato.— B.B.  fnsea  cnnily  (at  1100*  C).  Not  nci:ed  on  by  Siixes.  Insoluble  In  anr 
single  ndd;  noliible  in  nilnvbydiochloric  acid  (aqua  ri'gla),  tbu  separalloo  not  compleie  it 
more  tlian  20  p.  c.  Ag  is  preaeui, 

Di&— Ri'iKlllr  r('cOi,'iiized  («  g. .  f  mm  otbcr  mclallic  mlncmls,  n1so  from  scales  of  yellow 
micnj  by  its  nialiciiblliiy  mid  high  spuciSc  giiivily.  nliicb  lust  tniikes  It  po~s!lile  lu  geparat« 


OhstivaUons  —Native gcild  h  fmiuil,  when  ia  »i/u.  «|ih  compnmtively  small  excepllnne, 
in  llie  gniiriK  tMiis  linit  inrerai'd  rncinmorpbic  r'>cka.  and  ro  siimc  extent  in  the  wall  rack  of 
tbeae  veins.  Tbn  niemmcrpliit:  recks  tlius  iaterweted  are  mosriv  eblorillc  laico*  and 
argilliicions  scbiat  i.f  dnll  Rreen.  dark  gniy.  and  other  colors:  niso,  much  1*^  eommnDlT, 
mica  aud  horjblendlc  selii.l.  gneUs.  diorHe.  p.-rphyry;  and  rtlll  more  mrolv.  c«nll«  A 
lanjinii-ed  miaru.llu,  called  Itacoiumile.  i*  common  in  manygold  regions,  nt  ihnv,  of  Braril 
uud  Nortli  Ciirobnu,  and  sonioiiines  B|iecnliir  schisis.  or  sUiv  rocks  coiXnininc  inncli  fnliat«d 
specular  lion  (htmr.llte)  or  magiielileln  gr^diis,  A  .innrtwwe  conclomerale  is  sometlmea 
ncbly  nurlfunms  us  In  Transvaal.     Less  freqitenilv  I'alcite,  Is  ihe  vr^fn  maiprlal 

The  Kold  occurs  in  Ihe  qnarlz.  irregnliirly  dis'rril.n'ed,  in  slrlng-i.  grnles.  pkl*<,  and  In 
masses  which  ntf  aomeiimes  an  acglomcradon  of  rrvshils:  and  ihe  icales  are  ofl.-n  Invisible 
to  Ihe  uakol  eye.  The  aasociaU-d  minimis  nre :  pyrilo.  which  far  exceeds  In  iinnnHtv  all 
olhunt,  and  i^  generally  anriferou*;  next,  cbalcopyrlle.  gilena,  spbnlcrifp.  nrsenopvrile,  each 
freqiieully  anrifenms:  often  tetmdymilo  and  orher  rellnrinni  ote\  native  lilsmnth  nnllve 
arsenic,  stibnile,  clnnulmr.  mugnetite.  lienialile;  soniMlmeslmrlte.  sc'ieelile.  apalllc  fliiorite 
sldurite,  chrysocollii.  Tbu  qunrlz  iit  lliu  siirfa.:e.  or  in  ilie  upper  part  of  a  vein  Is  nsnallT 
celliilsr  and  nisied  from  the  mni-e  o,  lc».  complete  <!lsap,x«rance  of  the  pyrlte  and  otLw 
sulphides  hv  d scorn iioMt Ion;  but  bel-iw.  it  is  ininmonly  -oHd 

The  gold  '_•;  'hi-  world  was  a.rly  untbered.  not  "dlrwlly  from  Ihe  quartx  veins  flhe 
"qnailx  n'efs    of  Aiistrnlia  and  Alrlnti.  Iiul  from  Ihe  gmvcl  orsnndsof  rivers  or  vallers 


a  stnpeDilons  scale.     Most  of  the  gold  dt 
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the  Umls,  Brazil,  Australia,  and  all  other  gold  re^ons  has  come  from  such  alluvial  wasbiDgs. 
At  llie  present  time,  however,  the  alluviul  washings  nre  much  less  depended  upon,  in  many 
regions  all  the  gold  being  obtained  direct  from  the  rock. 

The  alluvial  gold  is  usually  in  flattened  scales  of  difffrrent  degrees  of  fineness,  the  size 
depending  partly  un  the  original  condiiiun  in  the  quartz  veins,  and  partly  on  the  distance 
to  which  It  has  been  transported  and  assorted  by  running  water.  Tlje  rolled  masses  when 
of  some  size  are  called  nuggets;  in  rare  cases  these  occur  very  large  and  of  great  value. 
The  Austnilian  gold  region  has  yielded  many  large  nuggets;  one  of  these  found  in  1858 
weighed  184  pounds,  and  another  (1809)  weighed  190  pounds.  In  the  auriferous  sands, 
crystals  of  zircon  are  very  common;  also  garnet  and  cyunite  in  grains;  often  also  monazite, 
diamond,  topaz,  corundum,  iridosmine,  platinum.  The  zircons  ai-e  sometimes  mistaken 
for  diamonds. 

Besides  the  free  gold  of  the  quartz  veins  and  gravels,  much  gold  is  also  obtained  from 
auriferous  sulphides  or  the  oxides  produced  by  their  alteration,  especially  pyrite,  also 
ursenopyrite.  ciialcopyrite.  sphalerite,  marcasite,  etc.  The  only  minerals  containing  gold  in 
combination  are  ihe  rare  tellurides  (sylvanile.  etc.). 

Gold  exists  more  or  less  abundantly  over  all  the  continents  in  most  of  the  regions  of 
crystalline  rocks,  especiallv  those  of  the  semi- ciysUd line  schists;  and  also  in  some  of  the 
larire  islands  of  tlie  world  where  such  rocks  exist.  In  Europe,  it  occurs  with  silver  ores  in 
Hungary;  in  Transylvania  at  Verespalak  and  Nagyai?;  in  tlie  sands  of  the  Rhine,  the 
Danube  and  other  rivers;  on  the  southern  slope  of  the  Pennine  Alps;  in  Piedmont;  in  many 
of  the  streiuns  of  Cornwall;  in  North  Wales;  in  ^Scotland,  near  Leodhills;  in  the  county  of 
Wicklow,  Ireland;  in  Sweden,  at  Edelfors;  in  Norway,  at  Kongsberg. 

In  Asia,  gold  occurs  along  the  eastern  tlnnks  of  the  Urals  for  500  miles,  and  is  especially 
abundant  at  the  Berezov  mines  near  Ekaterinburg;  also  at  Petropavlov^ki:  Nizhni  Tagilsk; 
Miask,  near  Zlatoust  and  Mt.  llnien.  etc.  Ekaterinburg  is  the  capital  of  the  mining  district. 
8ib  rian  mines  less  extensive  occur  in  the  lesser  Altai;  at  Nerchinsk,  east  of  L.  Baikal, 
including  the  Kara  mini  s.  Asiatic  mines  occur  also  in  Little  Thil)et,  Ceylon,  and  Malacca, 
China  especially  in  the  Amur  district.  Corea.  Japan,  Formosa,  Sumatra.  Java,  Borneo,  the 
Philippines,  and  oilier  East  India  Islands;  at  numerous  points  in  British  India. 

In  Africa,  gold  occurs  at  Kordofan,  between  Darfur  and  Abyssinia;  also,  south  of  the 
Sahara  in  western  Africa,  from  tne  Senegal  to  Cape  Palmas.  Also  in  Transvaal  in  southern 
Afiica,  at  Lydenhurg',  both  quartz  veins  and  alluvial  washings,  and  at  Eersteling;  recently 
the  Kiuip  gold  fields  in  southeastern  Transvaal  have  become  veiy  productive:  the  chief 
town  of  the  region  is  Barber! on.  The  quartz  reefs  of  Witwatersrand  in  the  immediate 
vicinity  of  Johannesl)ur<^.  fan  her  west,  are  also  very  productive;  here  the  gold  occurs 
largely  in  a  quart zose  conglomerate. 

In  South  America,  pold  is  found  in  Brazil;  in  the  U.  S.  of  Colombia;  Chili;  Bolivia; 
sparinirly  in  Peru.  Also  in  Central  America,  especially  in  Honduras;  also  San  Salvador, 
Guatemala,  Costa  Uica. 

In  A«i8fr::lra,  the  principal  gold  mines  occur  along  the  streams  in  the  mountains  of  New 
South  Wales  and  along  the  continuation  of  the  same  ranee  in  Victoria.  Also  obtained 
largely  in  Queensland.  N  Australia,  particularly  at  Mt.  Morgan,  Rockhamptm  district. 
Also  occurs  in  Tasmania,  New  Zealand,  and  New  Caledonia. 

In  North  Anv»rira,  there  are  numberless  mines  along  the  mountains  of  western 
America,  and  offers  along  the  eastern  mnge  of  the  Appalachians  from  Alabama  and  Georgia 
to  Labrador,  besides  «ome  in  portions  of  the  intermediate  Archean  recrion  about  Lake 
S'lnerior.  Th*»v  occur  at  many  points  alonjj  the  higher  regions  of  the  Rocky  Mountains, 
in  Mex'co;  in  New  Mexico,  near  Santa  Fe,  C^'rillos.  Avo,  etc.;  in  Arizona,  in  the  San  Fran- 
cisco. Wriub'»,  Yuma,  and  other  distiicts;  in  Colorado,  abundant,  the  gold  largely  in  aurif- 
ero!!s  pyrites,  also  in  connection  with  tellurium  minerals;  the  Cripple  Creek  reirion  in 
Colorado  aflFords  at  present  lanre  qunntities  of  pold;  also  in  Montana;  the  Black  Hills  of 
Dakota:  Idaho  esT>eciallv  the  Coeur  d'Alfine  district,  also  Utah.  Along  ranges  between  the 
summit  and  the  Sierra  Nevada,  in  the  Humboldt  region  and  elsewhere.  Also  in  the  Sierra 
Nevada,  mostly  on  its  western  slope  Mhe  mines  of  the  eastern  being  principallv  silver 
mines).  The  auriferous  belt  may  be  said  to  becin  in  the  Californian  peninsula.  Near  the 
Tejon  pass  it  enters  California,  and  beyond  for  180  miles  it  is  sparingly  auriferous,  the  slate 
rocks  l)eing  of  small  breadth:  but  bevond  this,  northward,  the  slates  increase  in  extent,  and 
the  mines  in  number  and  productiveness,  and  thev  continue  thus  for  200  miles  or  more. 
Gold  occurs  also  in  the  Coast  ranges  in  many  localities,  but  mostly  in  too  small  qunntitiea 
to  l>e  profitably  worked.  The  regions  to  tlie  north  in  Oregon  and  in  Washington  and 
Alaska,  with  British  Columbia,  are  at  mnnv  points  auriferous,  and  productively  so,  though 
to  a  less  extent  than  California.  The  Cariboo  reirion  on  the  Eraser  river,  and  the  Cnssiar 
district  on  the  Stickeen,  have  yielded  considerable  amounts.   The  Alaska  quartz  mines  have 
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bMD  worked  to  some  advantage,  aa  alao  ihe  gmvelB  of  tbe  Tukon  river  and  its  iribntariM; 
of  ihe  latter,  the  Kluudike  is  dov  I I8I18)  reputed  to  be  fabuloiuly  Hcli. 

In  eastern  Noiih  America,  tbe  clilef  luinea  are  moitly  cuofiniid  ui  tlie  Sisles  of  VlrginU, 
Norlb  and  Soutli  Carolioa,  sod  Qeorgia,  or  along  a  line  from  Ihe  Kappatiaauock  to  tlie 
Coosu  In  Alabama.  In  Canada,  gold  occurs  to  tbe  south  of  ilie  St.  Lawreuce,  In  Ilie  toll  on 
■he  Cbaudi£re  and  elsewliure;  fn  Nora  Scotia,  at  Deloro,  near  Hastings.  Ooiario  (in  araeno- 
Pf  rite):  also  in  tbe  Porl  Arthur  region,  nor:b  of  Lake  Superior,  and  In  the  river-gnrela  of 
tue  Pad&c  slope,  us  befute  nuled. 

Tbe  world's  production  of  gold  was  in  1597  about  $290,000,000,  bafinr  cooslderabljr 
more  tliun  doubled  since  1890.  Of  this  amount  the  Uniled  Slalea  afforded  otxHiI  fSl.SOO,- 
000,  Africa  about  f58,000,0U0.  Ausimliu  nearly  $56  000.000.  Russia  about  $28,700,000,  and 
nther  countries  (CbiiiQ,  CuiiudM,  India,  So.  Amcricu.  elc. )  Ibe  remainder.  It  is  also  luterealiiig 
10  note  that  in  IHBT  iliu  prutluclliiu  wud  nearly  Ihe  same  for  the  Slates  of  California  and 
Colorado,  tbe  former  flT.OOO.OOO,  Ibe  Iniier  u  lillle  in  excess  of  this  amounl.  lu  IHSO 
Coluiaiio  produced  only  a  little  mure  than  I4.0O0.000. 

SILVBR. 

Isometric.  GryetalB  commoiilj  distorted,  in  aciciilar  forms,  reticulated  or 
arborescent  shapes;  coarse  to  fine  filiform;  alao  massive,  in  plates  or  flattened 
scales. 

Oleuvage  none.  Dactile  and  malleable.  Fracture  backly.  H.  =  2-5-3. 
G.  =  lO-l-lll,  pure  \0'5.  Luster  metallic.  Color  and  streak  silrer- white, 
often  gray  to  black  by  taniisb. 

Comp,,  Var.— Silver,  with  some  gold  (up  to  10  p.  c),  copper,  and  sometimes 
platinum,  antimony,  bismuth,  mercury. 

Pyr,,  oto, — B.B.  on  cliuro'al  (useH  eatil.v  lo  n  silver-while  globule,  which  in  O.F,  givea 
a  faint  dnrk-reil  coiiting  of  silver  oxide  :  ctj  btalllzts  nu  cooling;  fuslliiliiy  alxiiil  1050°  C. 
Boluble  in  nitric  ucid.  ami  depobilt'd  again  by  a  t>hile  of  copper.  Precipiliilcd  from  its 
■oluiluDS  by  hydrochloric  acid  in  while  curdy  forms  of  silver  chloride. 

Vitt. — Dtstinguisbed  by  its  malleabiliiy.  color  (on  ihe  fresh  surface),  and  specific  eraviiy. 

Oba. — Native  sliver  occurs  in  masses,  or  in  arborescent  and  filiform  shapes.  In  vEins  traT- 
ersing  gneiss,  schist,  piirpbyry,  and  other  rocks.  Also  occurs  disstminaied,  but  usually 
invisibly,  in  native  copper,  galtnu.  cbalcoclte,  etc.;  rarelv  in  vulcanic  ashes  (Mallet). 

The  mines  of  Kongsberg,  In  Norway,  have  sfforilea  magnificent  specimens;  also  tlie 
Baxon  mines:  occurs  in  Bohemin  at  Pribram  and  Josohinistbsl;  si  Andi-easbrrg;  HimgtiTV: 
Allemonl,  Daupbin^:  in  the  Urnl  near  Berezov;  In  the  Altai,  at  Zmeov;  and  in  siime  of  ih« 
Cornisli  mines.  In  Dumngo.  Sinuloa,  and  Souoni,  in  Ueiico,  aic  noted  mines  affording 
native  silver;  abundant  in  Peru. 

In  the  United  Stales  dUsemlnnted  through  much  of  the  copperof  Michigan  ;nt  Silver  Islet 
Bod  at  Port  Arthur,  Luke  Superior.  Occurs  in  Idaho,  at  tl:e  "Pour  Man's  lode";  in  Nevada, 
gg^  rare:  iu  California,  sparingly  ;  in  SHvi  r  Mountain  district.  Alpine 

Co. ;  in  the  Maris  vein,  in  Lob  Angeles  Co.  In  Colomdo,  at  tnauf 
locniitles,  especially  with  argeutiferouK  orea;  in  Monlaoa,  Dear 
Butte,  Silver  Bow  0>.,  with  manganese  ores.  In  Arizona,  at  Ihe 
"  'er  King  mine,  and  wlib  aigenilferous  ores  elsewhere. 


Isometric.     The  tetrahexahedron   the  most  common 
I  form  (Pig.  58T) ;  also  in  octahedral  plates.    CirstalB  often 
irregularly  distorted  and  passing  into  twisted  and  wire- 
like  forms;  filiform  and  arborescent.     Massive;  as  sand. 
B  =  (410>  Twins:  tw.  pi.  0,  very  common,  often  flattened  or  elongated 

to  spear-shaped  forms.     Cf  pp.  131,  13?. 

Cleavage  none.  Fracture  hackl v.  Highlydnctileand  malleable.  H.=  2-5-3. 
G.  =  8-8-8-9.  LuBter  metalJic.  Color  copper-red.  Streak  metallic  shining. 
Opaque.     An  excellent  conductor  for  heat  and  electricity. 

Comp.— Pure  copper;  often  containing  some  silver,  bismuth,  mercury,  etc 
Pyr.,  etc.— B.B.  fuses  readily;  on  cooling  l>ecomes  covered  with  a  coating  of  black 
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oxide.    Dissolves  readily  in  nitric  acid,  f^iving  off  red  nitrous  fumes,  and  produces  a  deep 
azure-blue  solution  with  ammouin.     Fusibility  TbO**  C. 

Obs.— Copper  occurs  iu  beds  und  veins  accompanying  its  various  ores,  especially  cuprite, 
malachite,  and  azurite;  also  with  the  sulphides,  chalcopyrite,  chalcocite,  etc.;  often 
abuudant  in  the  vicinity  of  dikes  of  igneous  rocks;  also  in  clay  slate  uud  sandstone. 

Occurs  at  Turiusk,  in  the  Ural,  in  fine  crystals;  at  Nizhni  Tagilsk  and  elsewhere; 
Siberia.  In  Germany,  at  the  Fried richssegen  mine,  Nassau.  Common  in  Cornwall. 
Brazil,  Chili,  Bolivia,  and  Peru  afford  native  copper.  In  South  Australia  abundant  at 
Wallaroo;  in  New  South  Wales. 

Occurs  ntiiive  throughout  the  red  sandstone  region  of  the  e  isleru  United  States,  spar- 
ingly in  Massachusetts,  Connecticut,  and  more  abundantlv  in  New  Jersey.  Near  New 
Haven,  Conn.,  a  mass  was  found  in  the  drift  weighing  nearly  200  pounds;  smaller  isohited 
masses  have  also  been  found.  The  Lake  Superior  copper  region,  near  Keweenaw  Point, 
in  northern  Michigan,  is  the  most  important  locality  in  Uie  world.  The  copper  is  obtained 
practically  all  in  the  native  state,  sometimes  in  immense  masses,  and  is  obtained  over  an 
area  200  miles  in  length.  It  occurs  iu  boili  amycdaloidal  dolerite  and  sandstone,  near  the 
junction  of  these  two  rocks;  associated  with  cuicite,  prehnite,  datolite,  analcite,  etc.;  also 
distributed  widely  in  grains  through  the  sandstone.  Occurs  sparingly  in  California.  In 
Arizona,  common  at  the  Copper  Queen  mine,  Cochise  Co.;  also  iu  Grant  Co.,  N.  Mexico, 
at  the  Santa  Rita  and  other  mines. 

MBROURT.    Quicksilver.     Gediegen  Quecksilber  Qerm, 

In  small  fluid  globules  scattered  through  its  gangue.  O.  =  13  596.  Lus- 
ter metallic,  brilliant.     Color  tin-white.     Opaque. 

Comp.— Pure  mercury  (Hg);  with  sometimes  a  little  silver. 

Pyr.,  etc.— B.B.  entirely  volatile,  valorizing  at  850**  C.  Becomes  solid  at  —  40**C., 
crystallizing  in  regular  octahedrons  with  cubic  cleavage;  G.  =  14*4.   Dissolves  in  nitric  acid. 

Obs. — Mercury  in  the  metallic  state  is  a  rare  mineral,  and  is  usually  associated  with  the 
sulphide  cinnabar,  from  which  the  supply  of  commerce  is  obtained.  The  rocks  aifording 
the  metal  and  its  ores  are  chiefly  clay  shales  or  schists  of  different  geological  ages.  Also 
found  in  connection  with  hot  springs.     See  cinnabar. 

LBAD. 

Isometric.  Crystals  rare.  Usually  in  thin  plates  and  small  globular 
masses.  Very  malleable,  and  somewhat  ductile.  H.  =  1*5.  G.  =  11*37, 
Harstig  mine.     Luster  metallic      Color  lead-gray.     Opaque. 

Comp. — Nearly  pure  lead ;  sometimes  contains  a  little  silver,  also  antimony. 

Pyr. — B.B.  fuses  easily,  co  'ting  the  charcoal  with  a  yellow  oxide  which,  trciited  in 
R.F.,  vohitilizes,  giving  an  uzure  blue  tinge  to  the  flame.  Fusibility  830°  C.  Dissolves 
easily  in  dilute  nitric  ucid. 

Obs. — Of  Hire  occurrence.  Found  at  Pajsberg,  Hai-stig.  and  LAngban  in  Sweden; 
similarly  at  Nordmark:  also  in  the  gold  washings  of  the  Ural;  reported  elsewhere,  but 
htcalities  often  doubtful.  In  the  U  S.,  occurs  at  Breckinridge  and  Gunnison,  Colorado; 
Wood  liiver  district,  Idaho.  • 

AMALGAM. 

Isometric.  Common  habit  dodecahedral.  Crystals  often  highly  modified 
(Fig.  100,  p.  39).    Also  massive  in  plates^  coatings,  and  embedded  grains. 

Cleavage:  d  in  traces.  Fracture  conchoidal,  uneven.  Rather  brittle  to 
malleable.  H.  =  3-3*5.  G.  =  13-75-14-1.  Luster  metallic,  brilliant.  Color 
and  streak  silver-white.     Opaoue. 

Comp. — (Ag,Hg),  silver  ana  mercury,  varying  from  Ag,Hg,  to  Ag,.Hg. 

Vax.— Ordinary  amalgam,  AgaHgs  (silver  26  4  p.  c.)  or  AgHg  (silver  860):  also 
AgsHgt,  etc.  ArqueriU.  Ag,,Hg  (silver  86*6);  G.  =  lOS;  malleable  and  soft.  Kong*- 
bergite,  Aga^Hg  or  Ags«Hg. 

Pyr.,  etc. — B.B.  on  charcoal  the  mercury  volatilizes  and  a  elobule  of  silver  is  left-  In 
the  closed  tube  the  mercury  sublimes  and  condenses  on  the  cojd  part  of  the  tube  in  minute 
globules.     Dissolves  in  nitric  acid.     Rubbed  on  copper  it  gives  a  silvery  luster. 

Obs. -From   the  Palatinate  at  Moschellandsberg;  at  Friedrichssegen,  Nassau;    from 
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8ala,  Sweden;  Kougsberg,  Norway;  Allemoui,  Daupbiue;  Almudeu,  Spain;  Chili;  Vitalle 
Creek,  Br.  Columbia  {arquerite). 

Tin.  Native  tin  has  been  rei)orte<l  from  several  localities.  The  onl}*^  occurrence  fairly 
above  doubt  is  that  from  the  washings  at  the  headquarters  of  the  Clarence  river,  near 
Oban,  New  South  Wales.  It  has  been  found  here  in  grayish-white  rounded  gituns,  with 
platinum,  iridosmine,  gold,  cassiterite,  and  corundum. 


im..     i 
CO,)   S5i 


Platiiiiiin-Iroii  Group. 
PUITINUM. 

Isometric.     Crystals  rare;  usually  in  grains  and  scales. 

Cleavage  none.  Fracture  hackly.  Malleable  and  ductile.  H.  =  4-4'5» 
G.  =  14-19  native;  21-22  chem.  pure.  Luster  metallic.  Color  and  streak 
whitish  steel-gray;  shining.     Sometimes  magnetipolar. 

Comp. — Platinum  alloyed  with  iron,  iridium,  osmium,  and  other  metals. 

Most  platinum  yields  from  8  to  15  or  even  18  per  cent  of  Iron.  0*5  to  2  p.  c.  palladium,. 
1  to  3  p.  c.  rhodium  and  iridium,  a  trace  of  osmium  and  finally  0*5  to  2  p.  c.  or  more  of 
copper. 

Var.— 1.  Ordinary.  Non-magnetic  or  oulpr  sligbtly  magnetic.  G.  =  16*5-18*0  mostly. 
2.  Mngnetic.  G.  al)out  14.  Much  platinum  is  mngnetic,  and  occasionally  it  has  polarity. 
Tbe  magnetic  property  seems  to  l)e  connected  wiili  high  ])ercentage  of  iron  (iron-platiuum, 
£iscnplutiu  Geim  ),  although  this  distinction  does  not  hold  without  exception. 

Pyr.,  etc.— B.B.  infusible.  Not  affected  by  borax  or  salt  of  phosphorus,  except  in  the 
state  of  fine  dust,  when  reactions  for  iron  and  copper  may  be  obtained.  Soluble  only  in 
heated  uitro  hydrochloric  acid. 

DiflEii— Distinguished  by  its  color,  malleability,  high  specific  gravity,  infusibility  and        i 
insolubility  in  ordinary  acids.  v*J 

Obs. — Platinum  was  first  found  in  pebbles  iind  small  ^mins,  associated  with  iridium,i 
gold,  cliromite,  etc.,  in  the  alluvial  deposits  of  the  river  Pmto,  in  the  district  of  Choco^j 
Colombia,  S.  America,  where  it  received  its  name  platina  (platina  del  Pinto)  from  plata} 
silver.  In  Russia  (discovered  in  1822)  occurs  in  alluvial  material  in  the  Ural  at  Nizhni 
Tagilsk,  and  with  chromile  in  a  serpentine  probably  derived  from  a  peridotite;  also  in  the 
Goroblagodutsk  district.  Also  found  on  Borneo;  in  New  Zealand,  from  a  region  charac- 
terized by  a  chryso.ite  rock  with  serpentine;  in  New  South  Wales,  in  the  Broken  Hill 
district,  and  in  gold  washings  at  various  points. 

In  Culifornin  in  tht;  Klamath  region,  at  Cape  Blanco,  etc.,  not  abundant:  in  the  gold 
wa«<hings  of  Clierokee,  Butte  Co  ;  at  St.  Fran9ois.  Beauce  Co.,  Quebec;  at  several  points 
in  British  Columbia. 

Iridium.  Platin-iridium  Iridium  with  platinum  and  other  allied  metals.  Occurs 
usually  in  angular  grains  of  a  silver-white  color.  H.  =  6-7.  G.  =  22*6-23  8.  With  the 
platinum  of  the  Urals  and  Brazil. 

IRIDOSMINE.    Osmiridium. 

Rhombohedral.     Ustially  in  irregular  flattened  grains. 

Cleavage:  c  perfect.  Slightly  malleable  to  nearly  brittle.  H.  =  6-7. 
G.  =  19-3-2ri2.  Luster  metallic.  Color  tin-white  to  light  steel-gray. 
Opaqtie. 

Comp.,  Tar. — Iridium  and  osmium  in  different  proportions.  Some  rhodium, 
platinum,  ruthenium,  and  other  metals  are  usually  present. 

Var.— 1.  NevpanskiU.  H.  =7:  G.  =  18*8-19  5.  In  flat  s«des:  color  tin-white.  Over 
40  p.  c.  of  iridium.  2.  Siser^kite.  In  flat  scales,  often  six-sided,  color  grayish  white,  steel- 
gray.    G.  =  20-21*2.    Not  over  30  p.  c.  of  iridium.     Less  common  than  the  light-colored 

variety. 

Diff,— Distinguished  from  platinum  by  greater  hardness  and  by  its  lighter  color. 

Obs.— Occurs  with  platinum  in  South  America;  in  the  Und  mountains:  in  auriferous 

drift  iti  New  South  Wales.    Rather  abundant  in  the  auriferous  beach-sands  of  norUiero 

California. 
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— PalloiHum,  alloyed  wltli  a  lillle  plnllnum  and  iridium.  Hiwtiy  fn  r 
U.  =  4  ^S.  a.  =  11  9-irB.  Color  wbiiisb  steel-grn^.  Uccura  wiib  plmiunui  lu  E 
also  fi'uni  llie  Unils. 


IRON. 

Isometric.    UbuuIIj  mnssiTe,  rarely  in  crystals. 

Cleavage:  a  perfect;  also  a  laiiiellnr  stnicture  |  o  and  |  d.  Fracture 
hackly.  Mulleable.  H.  =  4-5.  0.  =  T'3-78.  Luster  metallic.  Color  stoeU 
gray  to  iron-black.     Strongly  niHgticEic. 

Var.— 1.  Terreatiial  Iron.  Fiiiiiid  iu  imistieM,  occMloDiilly  nf  grent  aise.  os  well  iis  in 
small  emlii'dded  |iurticlcB.  lii  biiAatl  ut  Blmirjeld,  Ovifalc  (or  Uifitk),  Disko  Isliiiid,  Weal 
Gn-etilaiid;  niso  clKwIjere  on  ilie  siime  mmi.  Tliia  iron  conliiiiis  1  lo  3  ii.  c.  of  Ni.  Siiuie 
otIiiT  occurrcLCvs.  usiinlly  classed  iib  mt-leiiric.  uiuy  be  Id  fact  lerrMtrkl;  e.ff.,  Ibc  Santa 
Calh^iririu  iron  of  Brazil  fliacoTered  in  IHIA. 

A  nickvliferoiis  rai-tiillic  ii-ou  (F<'Ni])  railed  (iifiruif^  occurs  in  Ibe  drift  nf  Ibu  Oi>rge 
river,  wbicij  enipLles  iuto  Awiiruii  Bay  on  llie  west  coast  uf  the  si>iilli  ialiiad  of  New 
Zeiiliind^  iissiicjateil  with  gi'lil.  pkliiiinn,  cnssilerile.  cbroniile:  iiroliablj  derived  fioiii  a 
partinlly  siTpentiulzed   periduiiie.      JottphiuiU  le  n  rilckil-inm  (Fe,Nu)   from   Oregon, 


occurring  in  atrt-Btn  gruvel. 
from  gold  or  platiuiim  washings  at  viirioii 
3.  Mataorlo  Iron.  Nutive  iron  al^o 
(a)  the  entire  mas-s  (iron  imieoriUs  ;  ulsi 
enibeildi'd  grains  of  ulirysolileorollioriiilii 
'   IS  freely  Ibrouglioiit  asiotiy  I 


sparingly  iu  Mime  basa.ls;  nported 

iitfiira  iu  most  melcoriles.  /ovmiiig  In  some  cases 

(A)  us  n  spongy,  celliibir  maiiix  in  nliicb  are 
lU-a  nidei^otites);  (e)  iu  grulus  or  scales  difBeminated 
{mrteoric 


ttontt).  Rarely  a  melcorile  eousisis  of  a  single  <Tyslnl. 
liue  fadiTlduid  (Bnnuiaii)  witb  niimertnH  Iwinuiiig  , 
lamvllfe  I  <(  Cubic  cleaTiiirc  siirai'iimcsoliHerved;  aUo  | 
an  octaliedral.  Ibhs  ofien  liodecabeilml  Inmellar  slmc- 
lure.  Bicliiiig  wllb  dilute  nitiie  acid  (or  iodine} 
coniiDonly  d.'Vrlops  it  crysta1lii:e  structure  (rnllea 
WidmaiuMtUu  figura)  (Fig.  588j;  usually  i-onaisting 
of  liues  or  bauds  crosslug  al  rnrious  nugics  iicrordiiig 
to  llie  direclion  of  tlie  secLiou.  at  60°  If  |  o,  »U*  |  a.  etc. 
They  are  formetl  liy  ibt-  ciigesof  cryBinilipe  plaies, 
usually  I  o,  of  ibe  QickeliFercxis  iron  of  diSerenl  eom- 

Cillon  {kamaeiU,  tmnile,  pUutte).   us  siiown  by  Ibe 
:  ibai  tUt-y  are  diSerenily  ftti»cke<l  by  I!ie  acid. 
Irons  wilb  cubic  alnicture  nnd  nttli  twinning  lamttltB    i 
{e.g.,  Bnuinau)  liave  u  srries  of  flue  lines  corrispond- 
log  to  tb.«e  develope.1  by  etcbbig  ( Jfrumnn,.  li,.«).  g,^       „      , 

A  damascine  lusler  is  also  prodm-ed  m  some  ciises,  uiunc™  mi-,  i 

due  lo  quadrilateral  depressions.     Some  irons  show  no  distinct  crystalliau  structut 

Tiie  exlcrfiir  of  masses  of  meteoric  imn  Is  usually  more  or  less  deeply  pitied  wilb 
rounded  ibumblike  depresaiima,  and  Ilie  surfai^e  al  (lie  time  »f  fail  l<>  covL-rtiiwi  b  a  liliii  of 
Iron  oxide  in  tine  ridges  sliowing  lines  of  How  due  lo  the  melting  cniiseil  by  ilie  beat 
devclo|ied  by  llic  resistance  of  Ibe  air;  this  film  disappears  wben  ihe  Tron  Is  exposed  lo  tlie 
weather. 

Meteoric  iron  la  always  alloyed  wilb  nickel,  wlilcb  is  uaiially  present  In  ainoiintsTarving 
from  5  lo  10  p.  c.  sonietimiis  much  more;  small  amounts  of  other  melnh.  aa  cobnli, 
maniiaiiesc,  tin.  copper,  clirnmliim,  are  also  often  preseni.  Orcludcd  gnses  &iii  unnnlty 
be  lielecled.  Qrnphite,  in  seauia  or  tiodiiles,  also  troiliie  (iron  sulphide).  schrcilK'rsite (iron- 
nickel  phosphide)  nre  common  in  mouses  of  meteoric  iron;  diamond,  denbreclilc,  etc.,  are 
rare.     CoheaiU,  srimctlmea  Idcnlitied,  is  (Fe,Ni.Co)>C  in  tin.whitc  ciysials. 


V  Mexico, 


e  upon 
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IL    STTLPHIDES,    SEIjENIDES,   TEIiIjURIDES,   AHSENmES^ 

ANTIMONEDES. 

The  sulphides,  etc ,  fall  into  two  Groups  accordiug  to  the  character  of  the 
positive  element. 

I.  Sulphides,  Selenides,  Tellurides  of  the  Semi-Metals. 

n.  Sulphides,  Selenides,  Tellurides,  Arsenides,  Antimonides  of 
the  Metals. 


I.  Sulphides,  etc.,  of  the  Semi-Metals. 

This  section  includes  one  distinct  group,  the  Stibnite  Group,  to  which 
orpinient  is  related ;  tlie  other  species  included  stand  alone. 


N»gyag. 


Monoclinic.     Axes  d:h:d  =  14403  :  1  :  0'9729;  /?  =  66°  5'. 
589.  fnm"\  110  A  110  =  lOo**  34'.  r/,  012  a  012  =  47'  ST. 

Crystals  short  prismatic;  striated  vertically.  Also  granular, 
coarse  or  fine;  compact;  as  an  incrustation. 

Cleavage:  b,  rather  perfect.  Fracture  small  conchoidal. 
Sectile.  H.  =  1*5-2.  G.  =  3*556.  Luster  resinous.  Color 
aurora-red  or  orange-yellow.  Streak  varying  from  orange-red 
to  aurora- red.     Transparent — translucent, 

Comp. — Arsenic  monosulphide,A8S  =  Sulphur  29*9,  arsenic 

701  =  100. 

P3rr.,  etc. — Id  the  closed  tube  melts,  volatilizes,  and  gives  a  trans- 
parent red  subliinntc;  in  the  o|)en  tube  (if  heated  very  slowly)  sulpburotis 
fumes,  and  a  white  crystalline  sublimate  of  arsenic  trioxide.     B.B.  on 

charcoal  burns  with  a  blue  flame,  emitting  arsenical  and  sulphurous  odors.     Soluble  in 

caustic  alkalies. 

Obi. — Often  associated  with  orpiment;  occurs  with  ores  of  silver  and  lead,  at  Felsdbdnya 

and  Kapnikp  Hunpiry:    Nagyag:  Joachimslhnl:  Schnecberg;  Andreasberg;    Binneiithul. 

Switzerland,  in  dolomite;  near  Julamerk  in  Kurdistan.     In  the  U.  S.,  in  Iron  county, 

Utah;  also  in  Oalifomia,  San  Bernardino  Co.;  Trinity  Co.,  in  calcite.  Norris  Geyser  Basin, 

Yellowstone  Park,  as  a  deposition  from  the  hot  waters.     The  name  realgar  is  from  tiie 

Arabic  liiihj  al  gh&r,  powder  of  the  mine, 

ORPIMBNT. 

Monoclinic*    Axes  d:h:^  =  1-2061  :  1  :  0*6743,  ,6  =  90°.  approx. 

Crystals  small,  rarely  distinct.  Usually  in  foliated  or  columnar  masses; 
sometimes  with  reniform  surface. 

(.'leava;:je:  b  highly  perfect,  cleavage  face  vertically  striated;  ^  in  traces; 
gliding-plane  6*  (001).  Sectile.  Cleavage  laniina  flexible,  inelastic.  H.  =  1*5-2. 
0.  =  3'4-3*5.  Luster  pearly  on  b  (cleavage);  elsewhere  resinous.  Color 
lemon-yollow  of  several  shades  ;  streak  the  same,  but  paler.  Subtransparent — 
sub  translucent. 

Comp. — Arsenic  trisulphide,  As,S,  =  Sulphur  39*0,  arsenic  61  0  =  100. 


*»  Sec  Groth,  Tab.  Ueb..  17,  18d8.     The  tine  crystals  from  Mercur,  UUih,  arc  distinctly 

nioiiocliuic  in  habit  (Penfield). 
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Pyr^  etc. — In  the  closed  lube,  fuBes,  TolAlilizes,  And  gfvea  a  dark  yellow  sulillnialei 
other  re&ctiODS  tbe  same  us  under  realgar.     Diiaolvea  in  aqua  regfa  and  caualic  nlknllta. 

SIA — Distluguished  by  ita  fine  y«lluw  color,  pearly  luBier,  easy  clcuvage,  and  Bexibilli  j 
when  in  plates. 

Obt.— Occur*  In  small  Ci7Blal«  in  cluy  at  Tajowa,  in  Upper  Hungary;  in  foHnted  anil 
fibrous  masse*,  atMoldawain  tbe  Banat;  at  EHpuik  and  FelsOb&iiyn  in  melnlUreroua  veins: 
at  tbe  Solfatara  near  Naples.  Near  Julumerk  in  Kurdistan  a  large  Turktali  mine.  Occurs 
with  realgar  tu  aeams  Id  compact  clay  beneath  lava  in  Irun  cnuuly,  Ulnfa;  also  finely 
crystalliEed  at  Mercur.  Among  liie  deposits  of  the  Sleamboiil  Springs,  Nevada;  also  wiili 
realgar  in  tbe  Yellowsione  Park. 

The  name  orplmeut  is  a  corruption  of  Its  Lalfn  name  aurlplgmenliim,  " goMen  paini," 
given  Id  Alliulon  to  tbe  color,  Mid  also  because  tbe  substance  was  sup])osed  lo  conlaiu  gold. 


Stlbuile  Group. 

d 

b:l 

Sb,S, 

0-9926 

1 :  10179 

Bi,S, 

0-9679 

1  :  0-9860 

Bi,S«, 

1 

1  approx. 

Stlbnite 

Biimathinite 

Oiuui^jnatite 

Tho  species  of  the  Stibuite  Group  crystallize  in  the  orthorhombic  system 
and  have  perfect  brachy diagonal  cleavage,  yielding  flexible  laminm. 

Tbe  specii'S  orplmenl  is  lu  pliysical  properlles  tomewbat  related  In  stlbnite,  but  seema 
to  be  tnonocliutc  in  cryBltilliziiliou.  Urolh  notes  Ibat  the  oiide,  As,Oi.  is  moiioclinic  Id 
cbiudellte.  nbilelhc  corresponding  compoiiud,  Bb,Oi{valentiulte),  laoilborliombir;  further 
he  remarks  on  the  relntlon  in  form  and  pliysical  characters  betmeen  oiplmeni  and  claudetlte. 

BTIBNITB.     Anlimouite.  Anllinnny  Glance,  Gray  Aniimony,  Antlmonglaoz  Oerm. 
Orthorhombic.    Axes  d  :  S :  d  =  0-9926  ■  1  :  1-0179. 


twisted 


no  A  liO  =  89-34'. 

bt.  010  A  lai  =  85*   8". 

Ill  A  ill  =71*  Mi'. 

bi?,  010  A  S58  =  40'  101' 

118  A  il8  =  85-531'. 

6r,  010  A  848  =  48*  88'. 

113  A  113  =  35'  36'. 

bp.   010  A  III  =  54'  86'. 

f^Z>^ 


Crystals  prismatic;  striated  or  furrowed  vertically;  often  curredo 
(cf.  p.  148).      Cotnmon   in   con-  590.  ft9i. 

fused  aggregates  or  radiating 
groaps  of  acicniar  crystals;  mas- 
sive, coiirse  or  fine  cohininar,  less 
often  granular  to  impalpable. 

Cleavage:  b  highly  perfect. 
Slightly  sectile.  Fracture  small 
eubconchoidal.  H,  =2.  G.  = 
4*52-4 -02.  Lnster  metallic,  highly 
splendent  on  cleavage  or  fresh 
crystalline  surfaces.  Color  and 
streak  lead-gray,  inclining  to 
steel-^ray:  subject  to  blackish 
tarnish,  sometimes  iridescent. 

Comp. — Antimony   trisniphide, 
Sb,S,  =  Sulphur  286,   antimony   71-4 
argentiferous. 

Pyr.,  ete^P^isea  very  easily  (at  1),  colorinit  tbe  flame  greeoisb  blue.  In  Ibe  open  lube 
sulphurous  (BOt)  and  aatlmonial  Icbiedy  Sb|0,)  fumes,  the  latter  coudenslDg  as  a  while 
lublhnale  whiah  B.B.  Is  Don-volalile.    Od  charcoal  fusts,  spreads  out,  gives  sulphurous 


California. 
:  100. 


Hungary. 


Japan. 


Sometimes   auriferona,  also 
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fumes,  and  coats  tbe  coal  white  wiib  oxide  of  antimony:  tbls  coating  treated  in  R.  F. 
yolaiilizes  and  tinges  the  flame  greenish  blue.  When  pure  perfectly  soluble  in  hydrochloric 
acid;  in  nitric  acid  decomposed  with  separation  of  uuiiinouv  peutoxide. 

Di£— Distinguished  (e.g,,  from  giilena)  by  cletivage,  color,  softness;  also  by  its  fusibil- 
ity and  other  blowpipe  characters.  It  is  harder  thuu  graphite.  Resembles  sometimes 
certain  of  Ihe  rarer  sulphaniimouites  of  lend,  but  yields  no  lead  coating  on  charcoal. 

Obs. — Occurs  with  quartz  in  beds  or  veins  in  granite  and  gneiss,  often  accompanied 
with  various  other  antimony  minerals  produced  by  its  alteration.  Also  associated  ia 
metalliferous  deposits  with  sphalerite,  galena,  cinnabar,  burite,  quartz;  sometimes  accom- 
panies native  gold. 

Occurs  at  Wolf sberg,  in  the  Harz;  Bmunsdorf,  near  Freiberg;  Pribram;  Casparizeche. 
near  Arnsberg,  Westphalia;  Felsdbanya,  Hungary;  in  Cornwull.  abuiidnni  Also  abundant 
in  Borneo;  in  Victoria  and  New  South  Wales.  Groups  of  large  splendent  crystals  have 
come  from  the  antimony  min^s  in  the  Province  of  lyo.  island  of  Sliikoku,  Japan. 

In  the  United  States  occurs  as  a  vein  of  some  extent  in  Sevier  county.  Ark.;  in  Cali- 
fornia at  San  Eniigdio,  Kern  county,  and  near  Alta,  Benito  Co.;  in  the  Humboldt  minins^ 
region  in  Nevada;  in  Iron  county',  Utah.  In  New  Brunswick  in  Prince  William,  York 
county,  20  m.  from  Fredericton;  in  Rawdon  township,  Hants  Co.,  N.  S. 

Metastibnite.  An  amorphous  brick-red  deposit  of  antimony  trisulphide,  SbsSt,  oc- 
currini;  with  cinnabar  and  arsenic  sulphide  upou  siliceous  sinter  at  Steamboat  Springs* 
Washoe  Co.,  Nevada. 

BISMUTUINITB.    Bismuth  Glance.     Wismuthglanz  Oerm, 

Orthorhombic.  Rarely  in  acicular  crystals,  mm'''  =  88°  8'.  Usually 
massive,  foliated  or  fibrous. 

Cleavage:  b  perfect.  Somewhat  sectile.  H.  =  2.  6.  =  6*4-6*5.  Luster 
metallic.  Streak  and  color  lead-gray,  incliuing  to  tin-white,  with  a  yellowish 
or  iridescent  tarnish.     Opaque. 

Comp. — Bismuth  trisulphide,  Bi,S,  =  Sulphur  18  8,  bismuth  81*2  =  100. 
Sometimes  contains  a  little  copper  and  iron. 

Pyr.,  etc.— Fusibility  =  1.  In  the  open  tube  s'llphurous  fumes,  and  a  while  sublimate 
which  B.B.  fuses  into  drops,  brown  while  hot  and  opaque  yellow  on  cooling.  On  char* 
coal  at  first  gives  sulphurous  fumes;  then  fuses  with  spirting,  and  coats  the  coal  with 
yellow  bismuth  oxide;  wiih  potassium  iodide  a  bright  red  coating  of  bismuth  iodide  \n 
obtained.  Dissolves  readily  in  hot  nitric  acid,  and  a  white  precipitate  falls  on  diluting^ 
with  water. 

Obs. — Found  at  Brandy  Gill.  Carrock  Fells,  in  Cumberland;  near  Redruth,  etc.  In 
France  at  Meymac,  Corr^ze;  at  Johanngeorgenstadt,  Schneeberg;  at  Witticlien,  Baden;  at 
Riddarhyttan.  Sweden;  near  Sorata.  Bolivia. 

In  the  U.  S.,  occurs  with  go!d  in  liowan  Co..  N.  C,  at  the  Barnhardt  vein;  sparingly 
at  Willimantic,  Conn.;  abundant  in  Beaver  Co  .  Utah. 

Quanajuatite.  Frenzelite:  Selenwismuthcflanz  Oerm.  Bismuth  selenide,  BisSci. 
sometimes  with  a  small  amount  of  sulphur  replacing  pelenium.  In  acicular  crystals;  also 
massive,  granular,  foliated  or  fibrous.  Cleavage:  b  distinct.  H.  =  2-5-3-5.  *G.  =  6  25- 
6-6*3.  Luster  metallic.  Color  bluish  gray.  From  the  Santa  Catarina  mine,  near  Guana- 
juato, Mexico. 


TBTRADTBSITB.    Tellurwismuth  Oerm. 

Rhombohedral.  Crystals  small,  indistinct.  Commonly  in  bladed  forms, 
foliated  to  granular  massive. 

Cleavage:  basal,  perfect.  Laminae  flexible;  not  very  sectile.  H.  =  1*5-2; 
soils  paper.     G.  =  T-2-T'6.     Luster  metallic,  splendent.     Color  pale  steel-^ay. 

Comp.,  Yar.— Consists  of  bismuth  and  tellurium,  with  sometimes  sulphur 
and  a  trace  of  selenium;  the  analyses  for  the  most  part  afford  the  general 
formula  Bi,(Te,S),. 

Var.— 1.  Free  from  anfphur.     Bi.Te,  =  Tellurium  481.  bismuth  51  9.    G.  =  7*642  from 
Dahlonega.    Var!  2.  Sulphurous.    2Bi,Tc«.Bi,S>  =  Tellurium  86  4,  sulphur  4*6.  bismuth 
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69  0  =  100.    Tliis  is  the  more  common  variety  aud  includes  the  tetradymUe  of  Uuidinger 
in  crystals  from  Schiibkaii. 

Pyr.— In  the  open  tube  a  white  sublimate  of  tellurium  dioxide,  which  B.B.  fuses  to 
colorless  drops.  On  charcoal  fuses,  gives  white  fumes,  and  entirely  volatilizes;  tinges  the 
R.F.  bluish  green;  coats  the  coul  at  lirst  while  (TeOt),  and  finally  orange-yellow  (BisOt); 
some  varieties  give  sulphurous  aud  seleuous  odors. 

Obs. — Occurs  at  Schubkau  near  Schemuitz;  Rezbunya;  Orawitza  in  the  Banat;  Telle- 
mark  in  Norway;  Bastnaes  mine,  near  Riddiirhyttan,  Sweden.  In  the  U.  S.,  in  Virginia, 
at  the  Whitehall  gold  mines.  Spotuylvimia  Co.;  in  Davidson  Co..  N.  C,  and  in  the  gold 
washings  of  Burke  and  McDowell  counties,  etc. ;  similarly  in  Montana.  At  the  Montgomery 
mine,  Arizona.  Named  from  rerfjaSviiio?,  fourfold,  in  allusion  to  cotnplex  twin  crystals 
sometimes  observed. 

Joseite.— A  bismuth  telluride  (Te  80  p.  c,  also  S  and  Se).    G.  =  7  9.    San  .Tos^,  Brazil. 

Wehrlite.  A  foliated  bismuth  telluride  (Te  80  p.  c.)  of  doubtful  formula.  G.  =  8-4. 
Deutsch-Pilseu,  Hungary. 

MOLTBDBNrrB.    Molybdftnglanz  Oerm. 

Crystals  hexagonal  in  form,  tabular,  or  short  prisms  slightly  tapering  and 
horizontally  striated.  Commonly  foliated,  massive  or  in  scales;  also  fine 
granular. 

Cleavage:  basal  eminent.  Laminae  very  flexible,  but  not  elastic.  Sectile. 
H.  =  1-1*5.  G.  =  4'7-4-8.  Luster  metallic.  Color  pure  lead-gray;  a  bluish 
gray  trace  on  paper.     Opaque.     Feel  greasy. 

Comp. — Molybdenum  disulphide,  MoS,  =  Sulphur  400,  molybdenum  60*0 
=  100. 


^  ..,  etc. — In  the  open  tube  sulphurous  fumes  and  a  pale  yellow  crystalline  sublimate 
of  molybdenum  trioxide  (M0O9).  B.B.  in  the  forceps  infusible,  iniuirts  a  yellowish-green 
color  to  the  flame;  on  charcoal  the  pulverized  mineral  gives  in  O.F.  a  si rong  odor  of  sul- 
phur, and  coats  the  coal  with  crystals  of  molybdic  oxide,  yellow  while  hot,  while  on  cool- 
ing: near  the  assay  the  coating  is  copper-red.  aud  if  the  while  coating  be  touche<l  with  an 
intermittent  R.F.,  it  assumes  a  beautiful  azure-blue  color.  Decomposed  by  nitric  acid, 
leavini;  a  white  or  grayish  residue. 

Diff. — Much  resembles  graphite  in  softness  and  structine  (see  p.  273),  but  has  a  bluer 
trace  on  paper  and  readily  yields  sulphur  on  charcoal. 

Obi.— Generally  occurs  embedded  in,  or  disseminated  through,  granite,  gneiss,  zircou- 
ayenito,  grnnular  limestone,  and  other  crystalline  rocks.  At  Nu medal.  Sweden;  Arendal 
and  Laurvik  in  Norway:  Altenberg,  Saxony;  Zinnwald,  Bohemia:  near  Minsk,  Urals; 
Ohessy  in  France;  in  Italy,  at  Traversella;  Carrock  Fells,  in  Cumberland;  at  several  of  the 
Cornish  mines. 

In  Maine,  at  Blue  Hill  Buy;  in  Conn.,  at  Haddam.  in  gneiss;  in  Vermont,  at  Newport; 
in  N  /romp»Wrd,nt  Westmoreland;  in  N.  York,  two  miles  ^outhenst  of  Warwick:  in  Penn,, 
in  ('hester.  near  Reading;  near  Concord,  Cabarrus  Co.,  N.  C.  In  Candida,  at  St.  Jerdme, 
Quebec;  in  large  crysuds  in  lienfrew  county,  Ontario;  also  in  Aldfield  township,  Pontiac 
Co.,  Quebec. 

Named  from  noXvfil^o^,  lead;  the  name,  first  given  to  some  substances  containing  lead, 
lat«'r  included  gniphiie  and  molybdenite,  nnd  even  some  compounds  of  antimony.  The 
distinction  between  graphiie  and  molybdenite  was  established  by  Scheele  in  1778-79. 

n.  Sulphides,  Selenides,  Tellurides,  Arsenides,  Antimonides  of 

the  Metals. 

The  sulphides  of  this  second  section  fall  into  four  divisions  depending 
upon  the  proportion  of  the  negative  element  present.  These  divisions  with 
the  groups  belonging  to  them  are  as  follows: 
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A.  Basic  Division. 

1  n 

B.  Honosulphides,  Honotellurides,  etc.,  B,S,  RS,  etc. 

1.  Galena  Group.     Isometric,  normal  group. 

2.  Chalcocite  Group.     Orthorhombic 

3.  Sphalerite  Group.     Isometric- tetrahedral. 

4«  Cinnabar— Wurtzite—Millerite  Group.    Hexagonal  and  rhombohedraL 

C.  Intermediate  Division. 

Embraces  Melonite,  Te,S, ;  also  BomiteySCn.S.Fe.S,;  Linnseite,  CoS.Co,S,; 
Chalcopyrite,  Cu,S.Fe,S,;  etc. 

D.  Disulphides,  Diarsenides,  etc.,  BS,,  RAs„  etc 

1.  Pyrite  Group.     Isometric-pyritohedral. 

2.  Marcasite  Group.     Orthorhombic. 


A.  Basic  Division. 


The  basic  division  embraces  several  rare  basic  compounds  of  silver  or  copper 
chiefly  with  antimony  and  arsenic.  Of  these  the  crystallization  of  dyscrasite 
only  is  known. 

DTSORA8ITE.    AntimoDsilber  Germ, 

Orthorhombic.  Axes  d  :h  \  i  =  0-5775  :  1  :  0*6718.  Crystals  rare,  pseudo- 
hexagonal  in  angles  (mm"'  =  60""  1')  and  by  twinning.  Also  massive.  Frac- 
ture uneven.  Sectile.  H.  =  3  5-4.  G.  —  9'44-9*85.  Luster  metallic.  Color 
and  streak  silver-white,  inclining  to  tin-white;  sometimes  tarnished  yellow  or 
blackish.     Opaque. 

Comp. — A  silver  antimonide,  including  Ag,Sb  =  Antimony  27*1,  silver 
72-9  =  100,  and  Ag.Sb  =  Antimony  157, silver 84*3  =  100,  and  perhaps  other 
compounds. 

Analyses  vnry  widely,  some  confonniog  also  to  AgsS.  Ag4(8b,A8)«.  etc.  By  some 
authors  classed  with  chalcocite. 

Pvr.,  etc.— B.B.  on  charcoal  fuses  to  a  globule,  coating  the  conl  with  white  aDtimony 
trioxuie  and  finally  giving  a  globule  of  almost  pure  silver.  Soluble  in  nitric  acid,  leaving 
antimony  trioxide. 

OlMk— Occurs  near  Wolfuch,  Baden;  Wittichen;  Andreasberg  in  the  Harz;  Allemont, 
Pmnce.     Named  from  dvaKpaai?,  a  bad  allay, 

Honfordite.  A  silver-white,  massive  copper  antimonide.  probably  Cu«Sb  (Sb  24  p.  c). 
G.  =  8*8.     Asia  Minor,  near  Mytilene. 

HcNTiLiTE,  Animikite.  The  ores  from  Silver  Islet.  Ijake  Superior,  apparently  contaiu 
a  silver  arsenide  (hitntilits.  A^9As?)and  perhaps  also  a  silver  antimonide  {animikite.  Ag»Sb?), 
the  latter  related  to  or  identical  with  dyscrasite. 

Domeyldte. — Copper  arseni<ie.  CuiAs.  Reniform  and  botryoidal;  also  massive,  dis- 
seminated. G  =  7-2-7-75.  Luster  metallic.  Color  tin-while  to  steel-gray,  readily  tar- 
nished. From  s«?veral  Chih'an  mines;  also  Zwickau,  Saxony.  In  N.  America,  with  nii oolite 
at  Michipicoten  Island,  L.  Superior. 

AlRodonite.  Copper  arsenide.  Cu.As  (As  165  p.  c);  G.  =  7  62.  Resembles  domeyk- 
ite      F*rom  Chili:  also  L.  Superior. 

Whitneyite.  Copper  arsenide.  Cu.As  (As  11-6  p.  c).  G.  =  8*4-8 '6.  Color  pale  red- 
dish white.     From  Houghton  Co..  Michigan;  Sonora,  L.  California. 

Ohilenite.     Perhaps  Ag«Bi.     Copiapo.  Chili. 

Statzite.    A  rare  silver  telluride  (Ag4Te?).    Probably  from  Nagy&g. 
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B.  ■onosulphides,  Monotellurides,  etc.,  R,S,  RS,  etc. 
1.  Galeua  Group.     Isometric. 


Galena 
Also, 
Altaite 
Clausthalite 
Haumannite 


PbS 
(Pb,Cu.)S,  (Cu„Pb)S 
PbTe 
PbSe 
(Ag.,Pb)Se 


Argentite 
Jalpaite 
Eestite 
Agnilarite 


Ag.S 

(Ag,Cu).S 

Ag/re 

Ag.Se 


The  following,  known  only  in  massive  form,  probably  also  belong  here: 
Berzelianite  Cu,Se  Zorgite  (Pb,Cu„Ag,)Se  ? 

Lehrbachite  (Pb,Hg,)Se  Crookesite  (Cu,Tl,Ag),Se 

Eucairite  Ca,Se.Ag,Se 

The  Galena  Group  embraces  a  number  of  monosnlphides,  etc,  of  the 
related  metals,  silver,  copper,  lead,  and  mercury.  These  crystallize  in  the 
normal  eroup  of  the  isometric  system,  and  several  show  perfect  cubic  cleavage. 
These  characters  are  most  distinctly  exhibited  in  the  type  species,  gsilena. 


QAUBNA,  or  Galekitb.    Lead  glance.    Bleiglanz  Oerm. 
693.  6M.  696. 


690. 


Fracture  flat  sub* 

697. 


Isometric.  Commonly  in  cubes,  or  cu bo-octahedrons,  less  often  octahedral. 
Also  in  skeleton  crystals,  reticulated,  tabular.  Twins:  tw.  pi,  o,  both  contact- 
and  penetration-twins  (Figs.  363,  366,  p.  123),  sometimes  repeated;  twin 
crystals  often  tabular  ||  o.  Also  other  tw.  planes  giving  polysynthetic  tw. 
lamellae.  Massive  cleavable,  coarse  or  fine  granular,  to  impalpable;  occasion- 
ally fibrous  or  plumose. 

Cleavage  :  cubic,  highly  perfect;  less  often  octahedral, 
conchoidal   or   even.      H.  =  2-5-2-75.      G.  =  7-4-7-6. 
Luster    metallic.     Color  and  streak  pure    lead-gray. 
Opaque. 

Comp.,  Tar. — Lead  sulphide,  PbS  =  Sulphur  13*4, 
lead  86*6  =  100.  Often  contains  silver,  and  occasionally 
selenium,  zinc,  cadmium,  antimony,  bismuth,  copper,  as 
sulphides;  besides,  also,  sometimes  native  silver  and  gold. 

Var. — 1.  Ordinary,  (a)  Crystnllized;  (6)  soroewbnt  fibrous 
and  ])liim()8e;  (r)  cleavable.  granular  coarse  or  fine;  id)  ciypto- 
crystullliie.  The  vnriety  with  octnbodral  cleavage  is  rare";  the 
ustial  cubic  cleavage  is  obtnined  readily  after  heating  to  200**  or 
dOO":  the  peculiar  cleavage  may  be  connected  with  the  bismuth 
usually  present. 

2.  Argini^ferou'.  All  jjalcna  is  more  or  less  argentiferous,  and  no  external  charactera 
serve  to  distinguish  the  kin<ls  that  are  much  so  from  those  that  are  not.  The  silver  is 
detected  by  cupellation.  and  may  amount  from  a  few  thousandths  of  one  per  cent  to  one 
per  cent  or  more;  when  mined  for  silver  it  ranks  as  a  silver  ore. 


p(221),  t/(.)54) 
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8.  Contafning  nrsenic,  or  nDtiinony,  or  n  Cfmipouiid  of  tliese  mctnis,  as  impurity.  Here 
belong  bUisehtD^f  from  Clausiiial  wiili  0  2'^  Si>.  and  sfetuinannite  fr«  m  Pfibrum,  wilh  boifa 
arsenic  and  uu liiuouy. 

Pyr. — In  the  open  tube  gives  sulpluiroiis  funics.  B.B.  on  charcoal  fuses,  emits  sul- 
phurous fumes,  coats  the  coal  yellow  ue.ir  the  attsay  (PbOi  and  white  with  a  bluish  border 
at  a  distance  (PbSOt,  chiel]>).  and  yields  a  ulobulu  of  metallic  letid.  Decomposed  by 
strong  nitric  acid  wilh  the  scpanition  of  some  sulphur  and  the  formation  of  lead  sulphate. 

Di£f. — Distinguished,  except  in  very  tine  granular  varieties,  by  its  cubic  cle/ivage;  the 
color  and  the  high  specidc  gravity  are  chai-acicriistic;  also  the  blowpipe  reactions. 

Obs. — One  of  the  mo^t  widely  distnbuied  of  the  metallic  sulphides.  Occurs  in  beds 
and  veins,  both  in  crystalline  au(f  uncrystalline  rocks.  It  is  often  associated  with  pyrite, 
niarcasite,  sphalerite,  chalcopyrite,  arsenopyrite,  clc..  in  a  gangue  of  quartz,  calcite,  btirile 
or  tluorite.  etc.;  also  with  cerussile,  angksite.  and  other  stilts  of  lead,  which  are  frequeut 
results  of  its  alteration.    It  is  also  common  with  gold,  and  in  veins  of  silver  ores. 

At  Freiberg  in  Saxony  it  occupies  veins  iu  gneiss;  in  Spain,  in  granite  at  Linares,  also 
in  Catalonia.  Grenada,  and  elsewhere;  at  Clausihal  and  Neudorf  in  the  Harz.  and  at 
i-^fibram  in  Bohemia,  it  forms  veins  in  clay  slate;  similarly  in  Styria;  at  Sala  in  Sweden  iu 
veins  in  granular  limestone;  through  the  c^my  wacke  of  Leadhiils  and  the  killas  of  Cornwall, 
in  veins;  tilling  cavities  in  the  Subcarbonlferous  limestone  in  Derbyshire.  Cumberland,  aud 
the  northern  districts  of  England;  also  at  Bleiberg.  Carinthia.  In  the  English  mines  it  is 
associated  with  caloitc,  pearl  spar,  tluorit'J.  barite,  wiilierite,  calamine,  and  sphalerite. 
Other  localities  are  Joachimsthal,  Bohemia;  Poullaoueu  aud  Huelgoet,  Brittany;  Bardinia; 
Nerchinsk.  East  Siberia:  Australia;  Chili;  Bolivia,  etc. 

Extensive  deposits  of  this  ore  in  the  United  Slates  exist  in  Missouri,  Illinois,  Iowa,  and 
Wisconsin.  The  ore  occurs  not  in  veins  but  filling  cavities  or  chnmbers  in  stratified 
limestone,  of  different  periods  of  the  Lower  Silurian,  especially'  the  Trenton,  also  iu  part 
Sul)CJirboniferous.  It  is  associated  with  sphalerite,  sniitho'onite,  calcite,  pyrite.  The 
Misstmri  mines  are  situated  in  the  counties  of  Washington,  Jefferson,  Madison  and  others. 
Good  crystals  are  obtaine<I  at  Joplin.  Jasper  Co.  Also  occurs  in  ^eto  York,  at  Rossle, 
St.  Lawience  Co..  in  crystals  with  calcite  ai:d  chalcopyiile:  in  Maine,  at  Lub<c.  etc.;  in 
Mttsa  ,  at  Southampton,  Newburyport,  etc;  in  Penn.,  at  Phenixville  and  elsewhere;  in 
Virgiuui,  at  An.siin's  mines  in  Wyiiie  Co.,  and  other  places:  in  Tann  ,  at  Havsboro,  near 
Nashville:  in  Mich.s  in  the  Lake  Superior copi)er  district  and  on  the  N.  shore  of  X.  Superior; 
in  California,  at  many  of  the  gold  mines:  in  Nevada,  abundant  in  the  Eureka  district;  in 
Arizona,  in  the  Castle  Dome,  Eureki.  and  other  districts.  In  Colorado,  at  Leadville  there 
are  productive  mines  of  argentiferous  galena,  also  at  Georgetown,  the  San  Juan  district  and 
elsewhere.  Mined  for  bilver  in  the  Casur  d'AI6ne  region  in  Idaho;  also  at  various  points  in 
Montana. 

The  name  galena  is  from  the  Latin  galena  {yaXijvrj),  a  name  given  to  lead  ore  or  the 
dross  from  melted  lead. 

CuPROPLUMBiTK.  A  mnssivc  mineral,  from  Chili,  varying  in  chanicters  from  galena  to 
those  of  chalcoeite  and  covellite;  compo.sititm.  Cn8S.2Pr»S(?).  AlisouiU  is  massive,  di'cp 
fndiiro  blue  quickly  tarnishing:  corresponds  to  HCuiS.PbS.  From  Mina  Gmnde,  Chili. 
Whether  ihe.^e  and  similar  minerals  represent  definite  homogeneous  compounds,  or  only 
ill-delincd  altendiun-products.  is  nncertMin,  and  if  so  it  is  not  clear  whether  they  should  be 
classed  wilh  isometric  galena  or  with  orthorhombic  chaleoeilc. 

Altaite.  Lead  tellnridc.  Ai^Te  Rarely  in  cubic;  crystals,  usually  massive  with  cubic 
cleava.ire.  G.  =  8'10.  Color  tin -white,  with  yellowisli  tinge  tarnishing  to  bronze-yellow. 
From  the  Alt^ii,  with  hessite;  Coquimbo,  Chili;  California;  Colorado. 

Clausthalite.  Lend  selenide,  PI»Se.  rr>mmonly  in  fine  granular  masses  resembling 
galena.  Cle-ivaire:  cubic  G.  =  7  6-8*8.  Color  lead-gray,  scmiewhat  bluish.  From  the 
Harz,  at  Clausthal.  etc.;  Cacheuta  mine,  Mendoza.  S  A.   Tilkerodite  is  a  coballiferous  variety. 

Naumannite.  Silver-lead  telluride  (Ag«.Pb  8e.  In  cubic  cry.s*als ;  also  massive, 
prainilar.  in  thin  pla'es  Cleavage:  cubic.  G.  =  8*0.  Color  and  streak  iron-black. 
From  Tiikerode  in  the  Harz. 

AROENTITB.     Silver  Glance.     Sillwrglanz  Qerm, 

Isometfic.  Crystala  often  octahedral,  also  a,  o;  often  distorted,  frequently 
grouped  in  retionlated  or  arborescent  forms;  also  filiform.  Mas^ve;  em- 
bedded; as  a  coating. 

Cleavage:  a,  d  in  traces.    Fracture  small  subconcboidal.    Perfectly  ecctile. 
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H.  =  2-2'5.     6.  =  7-20-7-36.     Luster  metallic.     Color  and  streak  blackish 
lead -gray;  streak  shining.    Opaque. 

Comp.— Silver  sulphide,  Ag,S  =  Sulphur  12-9,  silver  87-1  =  100. 

Pyr.,  etc. — In  the  open  tube  gives  off  sulphurous  fumes.  B.B.  on  bharcoal  fuses  with 
intumescence  iu  O.  F.,  emitting  sulphurous  fumes,  and  yielding  n  globuie  of  silver. 

Di£L— Distinguished  from  other  sulphides  by  being  readily  cut  with  a  knife;  also  by 
yielding  metallic  silver  on  charcoal. 

Obt. — Found  at  Freiberg.  Joacliimsthal.  etc.;  Schemnitz,  Hungary;  in  Norway  near 
Kongsberg;  in  the  Altai;  iu  Coruwall;  Peru;  Chili;  Mexico  tit  Guanajuato,  etc. 

Occurs  in  Nevada,  at  the  Conistock  loile;  at  the  Silver  King  mine,  Arizona;  at  mines 
near  Port  Arthur  on  north  shore  of  Lake  Supedor;  with  native  silver  and  copper  in 
northern  Michigan. 

Jalpaitk  is  a  cupriferous  argentitc  from  Jalpa,  Mexico. 

Heaaite.  Silver  telluride,  AgaTe.  Isometric.  Usually  massive,  compact  or  fine- 
grained. Cleavage  indistinct.  Somewhat  sectile.  H.  =  2  5-8.  G.  =  8 '31-8 '45.  Color 
between  leud-gray  and  steel-gray.  From  the  Altai;  at  Na.L'V&giu  Transylvania;  KezLanya, 
Hungary:  Chili,  near  Arqueros.  Coquimbo.  In  the  U.  S.,  Calaveras  Co..  Cal.;  Boulder 
Co.,  Colorado;  Utah.  This  species  also  of  .en  contains  gold  and  thus  graduates  toward 
petzite. 

Petzite.  (Ag,Au)tTe  with  Ag  :  Au  =  8:  1.  Massive;  granular  to  compact.  Slightly 
aeclil  to  brittle.  H.  =  2*5-3.  G.  =  8-7-902.  Color  steel-gray  to  irou-black;  tarnishing. 
From  Nagy&g,  Transylvania;  Colorado;  California. 

Aguilarite.  Silver  selenide,  Ag^S  and  Acs(S  Se).  In  skeleton  dodecahcdral  crystals. 
Sectile.    G.  =  7*580.     Color  ironbluck.     From  Guimajnato.  Mexico. 

Bervolianite.  Copper  selenide.  CusSe.  In  thin  dendritic  erupts  and  disseminated. 
6.  =  6*71.    Color  silver-white  tarnishing.    From  Skrikerum,  Sweden;   Lehrbach,  in  the 


Iichrbachite.    Selenide  of  lend  nnd  mcrctiry.  PbSe  with  HgSe.     Massive,  granular. 
G.  =  7  8.     Color  lend  gray  to  iron-black.     From  Lehrbach.  in  the  Uarz. 

Encairito.  CusSe.AgsSe.  Massive,  granular.  G.  =  7  50.  Color  between  silver-white 
mod  lead-gray.    From  the  Skrikerum  copi)er  mine,  Sweden;  also  Chili. 

Zorgite.  Selenide  of  lend  and  copper  in  varying  amounts.  Massive,  granular. 
G.  =  7-7*5.     Color  dark  or  light  lead-gmy.     From  the  Harz;  Cacheuta,  Argentina. 

Orookedte.  Selenide  of  copper  and  thallitim,  also  silver  (1-5  p.  c),  (Cu.Tl,Ag)tSe. 
Massive,  compact.  G.  =  6*9.  Luster  metallic.  Color  lead  gray.  From  the  mine  of 
Skrikerum.  Sweden. 

Umangite.  CuSe  CusSe.  Masf^ive,  fine-gmnular  to  compact.  H.  =8.  G.  =  5*620. 
Color  dark  cherry-red.    From  La  Rioja,  Argentina. 


2.  Chalcocite  Group. 

a 

Chalcocite                           Cn,8  0-5822 

Stromeyerite                  Ag,S.Cu,8  0-5822 

Stcmberpte                   Ag,S.Fe,S,  0-5832 

Frieseite  0-5970 

Aoanthite                            Ag,S  0-6886 


h 
1 
1 
1 
1 


i 

0-9701 

0-9668 

0-8391 

0-7352 

0*9944 


The  species  of  the  Chalcocite  Group  crystallize  in  the  orthorhombio 
system  with  a  prismatic  anple  approximating  to  60**;  they  are  hence  pseudo- 
hexagonal  in  form  especially  when  twinned.  The  group  is  parallel  to  tho 
Galena  Group,  since  Cn,  appears  in  isometric  form  in  cuproplnmbite  and  Ag,S 
also  in  argentite.    Some  authors  include  dyscrasite  here  (see  p.  286). 
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CHALCOCrrB.     Copper  Gluuce      Redrutbite.     Kupferglauz  Oerm, 
Orthorhombic.     Axes  d:l:6  =  0-5822  : 1  :  0-9701. 


mm",  110  A  110=    60*25'. 
dd\  Oil  A  021  =  1-^5**  28'. 


cp,  001  A  lll  =  62'85i'. 
pp"\  111  A  lil=58''8f. 


698. 


699. 


Crystals  pseudo-hexagonal  in  angle,  also  by  twinning  (tw.  pi.  m).     Often 
massive,  structure  granular  to  compact  and  impalpable. 

Cleavage  :  m  indistinct.  Fracture  conchoidal. 
Rather  brittle.  H.  =  2-5-3.  G.  =  5  5-5-8.  Luster 
metallic.  Color  and  streak  blackish  lead-gray^  often 
tarnished  blue  or  green,  dull.     Opaque. 

Comp.—Cuprous  sulphide,  Cu,S  =  Sulphur  20*2, 

copper  79*8  =  100.     Sometimes  iron  in  small  amount 

is  present,  also  silver. 

Pyr,  etc. — lu  the  open  tube  gives  sulphurous  fumes.  B.B. 
on  chnrcotil  melts  to  a  globule,  which  boils  with  spirtiug;  the 
tine  |)ow(icr  roasted  nt  a  low  temperature  en  charcoal,  then 
heated  in  R  F.,  yields  a  globule  of  metallic  copper.  Soluble 
in  nitric  acid. 

Di£f. — Resembles  argeuite  but  much  more  brittle;  bornite 
has  a  different  color  on  the  fresh  fracture  and  becomes  mag- 
neti<-  B.B. 

Obs. — Cornwall   affords  splendid  crystals,  e8|M?ciAl1y  the 

districts  of  Saint  Just,  Camborne,  and  Redruth  (redruthite). 

Occurs  at  Joachimsthal.   Bohemia ;   Tcllemarken,   Norway ; 

compact  and  massive  varieties  in  Siberia;  Saxony;  Ml.  Catini 

mines  in  Tuscany;  Mexico;  S.  America. 

In  the  U.  S..  Bristol,  Conn.,  has  afforded  large  and  brilliant  cryst-als;  also  found  at 

Simsbury  and  Cheshire:  at  Schuyler's  mines,  N.  J. :   in  Nevada,  in  Washoe,  Hum))oldt, 

Churchill  and  Nye  counties;  in  Montana,  massive  at  Butte  City.     Found  in  Canada,  with 

chalcopyriie  and  borniie  at  the  Acton  mines  and  elsewhere  in  the  province  of  Quebec. 

Stromeyerite.  (Ag.Cu)«S,  or  AgaS.CuaS.  Rarely  in  orthorhombic  crystals,  often 
twinned.  Conimonly  massive,  compact.  H.  =  2*5-J5  G.  =  6'15-6*8.  Luster  metaltic. 
Color  and  streak  dark  steel-gray  From  the  ZmeiiiOirorsk  mine,  Siberia;  Silesia;  also  Chili; 
Zacatecas,  Mexico;  the  Heintzelman  mine  in  Arizona;  Colorado. 


STBRNBBROrrB. 


Orthorhombic.  Crystals  tabular  |  c.  Commonly  in  fan-like  aggregations; 
twins,  tw.  pi.  m.  Cleavage :  Cy  highly  perfect.  Thin  laminae  flexible,  like 
tin-foil.  H.  =  1-1*5.  G.  =  4*215.  Luster  metallic.  Color  pinchbeck-brown. 
Streak  black.     Opaque. 

Comp.    AgFe,S,  or  Ag,S.Fe,S,  =  Sulphur  30*4,  silver  34-2,  iron  35*4  =  100. 

Obs.— Occurs  with  pyrargyrite  and  steplmnite  at  Joachimsthal,  Bohemia,  and  Jobann- 
georgenstadt.  Saxony 

Frieskitk.  Near  stern bergite.  In  thick  tubular  rrystaU;  H,  =  2*5;  G.  =  4*28.  Color 
dark  gray.     Com|X)sition  Al^FcsSs.     Occurs  wiili  marcasitc*  at  Joachimsthal. 

Acanthite  Silver  sulphide.  Ag,S,  like  sreeiitite.  In  slender  prismatit;  cryBtala 
(orthorhombic).  Seotile.  G.  =  7*2-7  H.  Color  iron-black.  Occurs  at  Joachimsthal;  aUio 
at  Freiberg,  Saxony,  and  at  Schneeberg. 

It  has  been  suggested  that  acanthite  may  be  only  argentite  in  distorted  isometric  cryttalt* 
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Sphalerite  Group.    RS.     IsometrJc-tetrahedral. 

Sphalerite  ZdS  Ono&ite  Hg(S,Se) 

Hetaoinnabarite         HgS  Alabaadite        MnS 

Guadulcazarite        (Hg,Zn)S        Coloradoite        HgTe  MaasiTe 

Tismaanite  HgSe 

The  Sphalerite  GROUPembracea  a  number  of  sulphides,  selenidee, etc., of 
zinc,  mercury,  aud  mangauese.  These  are  isometric- tetrabedral  in  crystalliza- 
tion. 

SPBAXiBRTTE,  ZiKC  Blekdk  or  Bi.ekdb.  Black-jack,  Mock-I^ead.  Fu)se  Qaleoa 
Engt.     Ziukbleude  Oerm. 

Isometric- tetrabedral.  Often  in  tetrabedrons.  Twins  common:  tw.  pi.  o; 
twinning  often   repeated,  sometimes  as  polysyatbetic   lamellae.     Commonly 
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roaasive  cleavable,  coarse  to  fine  granular  and  compact;  also  foliated,  sometimes 
fibrous  and  radiated  or  plumose;  aleo  botryoidal  and  otber  imitative  shapes. 
Cryptocrystalline  to  amorphous,  the  latter  sometimes  as  a  powder. 

Gleaviige:  dodecahedral,  highly  perfect.  Fracture  conchoidal.  Brittle. 
H.  =  3*5-4.  G.  =  3-0-4-1 ;  4"063  white,  N.  J.  Luster  resinous  to  adamantine. 
Color  commonly  yellow,  brown,  black ;  also  red,  green  to  white,  and  when  pure 
nearly  colorleaa.  Streak  brownish  to  light  yellow  and  white.  Transparent  to 
traDBlucent.     Refractive  index  high :  Hj  =  2'I1G92  Na. 

Comp.— Zinc  sulphide,  ZnS  =  Sulpbnr  33,  zinc  67  —  100.  Often  containing 
iron  and  manganese,  and  sometimes  cadmium,  mercury  and  rarely  lead  and 
tin.  Also  sometimes  contains  traces  of  indinm,  gallium  and  thallium ;  may  he 
argentiferous  and  auriferous. 

V«r,— 1.  Ordinary.  Conlnining  llllle  or  no  iron;  from  colorli-aa  white  to  jellciwUh 
hrown,  sometimes  green;  Q.  =  40-4-1.  The  red  iir  reddish -brown  tmiispnrenl  cryBlHllized 
Itiiids  nrt  sometimcH  railed  ruby  U'nde  or  ru&^  tine.  The  miiHsive  desTable  Tornis  ure  the 
mo«t  common,  viirying  [nun  course  to  floe  granular;  also  cryplfwrysliilline,  f!rknte"bitndf 
(Germ.)  ia  a  closely  compact  Tariety,  of  a  pale  liviT-brown  color,  in  concenr'lc  layers  wiiii 
reiiiform  surface;  gaiena  an<l  mnrca'^iie  are  nften  IiUcmtrntllietl.  Tlicflbrnui  forms (/lUiTwe 
ZinlMrnie  Germ.)  are  cldt'Hv  wiirls'.ile.  A  aoft  wLlte  amorphous  form  of  zinc  sulphide 
occurs  in  Cherokt-c  Cii.,  Kansas. 

'3.  Ferr'ftroan;  Mnrmititr.  Cnntalninir  10  p.  r.  or  more  of  Iron;  dark  lirown  to  blaek; 
G  3  3-9-4-05.  Tlie  proporrlon  «f  FcB  to  ZnS  varies  from  1  :5lol  :2,  ami  the  last  ratio  Es 
lliai  of  the  ehruUrphiU  of  Breithnnpt.  k  lirtlliiiiit  liliick  nphaierlte  from  St.  ChHstophe  mioe, 
iHi.BtfliiaDbmnn.  havinc  O.  =  3-l)l-aB93, 

a  Citdmiferma ;  P'l-ibrnmiU.  Pi-iihrnmi''.  The  amount  of  cadmium  .present  in  anjr 
•pbulerite  thus  far  analyzed  Is  less  than  S  per  cent. 
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r,  etc.— Difficultly  fusible.  In  the  opeu  tube  sulphurous  fuuies,  aud  generally  chaDges 
color.  B.B.  ou  charcoal,  iu  K.F.,  some  varieties  give  at  first  a  reddish-browu  coatiuff  of 
cadniiuni  oxide,  aud  later  a  coatiug  of  ziuc  oxide,  which  is  yellow  while  hot  aud  vuiiio 
afier  cooliug.  With  cobalt  soluiiou  the  ziuc  coaliug  gives  n  green  color  when  heutcd  in 
O.K.  Most  varieties,  after  roastiug,  give  with  borax  a  reactiou  for  iron.  With  soda  on 
charcoal  iu  R.F.  a  stroug  green  ziuc  flame.  Dissolves  iu  hydrochloric  acid  with  evolution 
of  hydrogen  sulphide. 

Di£L — Varies  widely  in  color  and  appearance,  but  distinguished  by  the  resinous  luster  In 
all  but  deep  black  varieties;  usually  exiiibiis  distinct  cleavage;  much  softer  thau  garuet; 
ueaily  infusible  B.B.;  yields  a  zinc  coatiug  on  charcoal. 

Obs. — Occurs  very  counuonly  in  both  crystalline  and  sedimentary  rocks,  and  as  a 
frequent  associate  of  galena;  abo  associated  with  chalcopyriie,  bariie,  fluorite.  sidtrite; 
coninion  in  silver  mines.  It  often  forms  beds  of  considerable  magnitude  filling  cavities  iu 
iimeHtone. 

Some  of  the  chief  localities  for  cr^'stallized  sphalerite  are:  Alston  Moor  in  Cunil>orlnnd, 
black  variety;  Derbyshire,  SSt.  Agnes  and  elsewhere  in  Cornwall;  Oherlalinstein  in  Nassau, 
Ems,  red;  Andrensber^,  yellow  and  brown;  JSeudorf  iu  the  Harz,  Freiberg,  Breitenbrunn. 
and  oilier  localities  iu  Saxony,  black  and  brown;  Pribram,  green  or  yell<»w,  and  Schhicktn- 
wnld  in  Bohemia,  black;  Kapuik,  Hungary,  green  or  yellow;  Njigydg,  Transylvania,  brown; 
Rodna,  black;  tite  Binnenihal  in  Switzerland,  isolaieii  crystals  of  great  beauty,  yellow  to 
brown,  in  cavities  of  dolomite;  Sala  in  Sweden;  Nordmaik,  black,  brown,  also  snow-white. 
A  beautiful  transparent  variety  yielding  large  cleavnge  masses  is  brought  from  Picos  de 
£uropa,  Santandcr,  Spain,  where  it  occurs  in  a  brown  limestone.  Fibrous  varieties  (see 
wurtzite)  are  obtained  at  Pribram;  Geroldseck  in  Baden;  Raibel;  also  in  Cornwall.  The 
original  marmatite  is  from  Marmalo  near  P<payan,  Ittdy. 

AUmnds  with  the  lead  ore  ot  Missouri,  Wisconsin,  Town,  nnd  Illinois.  In  N.  York, 
Sullivan  Co.,  near  Wurtzhoro';  in  St.  Lawrence  Co.,  at  Mineral  Point  with  pralenn;  nt  the 
Ancmm  lend  mine  in  Columbia  Co. ;  in  lime-tone  at  Lockport.  In  Mass.,  nt  the  Southamp- 
ton lead  mines.  In  N.  llamp.,  at  the  Eaton  lead  mine;  at  Warren.  In  Maine,  at  the  Lubec 
lead  mines,  etc.  In  Conn.,  nt  Roxbury.  In  iV.  Jertny,  a  uhxit  variety  (elfiopJiane)  at 
Franklin  Furnace.  In  Penn,,  at  the  WLcalley  aud  Perkiomen  lead  mines,  in  crystals;  near 
Friedensville,  Lehigh  Co.,  a  white  wnxy  var.  In  Virgi  ia,  nbundaut  at  Austin's  lead 
mines,  Wythe  Co.  In  Michigan,  at  Prince  vein,  Lake  Superior,  abundant.  In  lUtnoi$^ 
near  Rosiclare,  with  galena  and  calcile;  nt  Manirdeu*s  di^»giups,  near  Gnlenn.  in  stnlnctites, 
with  cryst.  nmrrasite.  nnd  galena.  In  Wuconsin,  at  Mineral  Point,  in  fine  crystals.  In 
Tennessee,  at  Haysboro*,  near  Nashville.  In  Missouri,  in  beautiful  crystallizations  with 
galena,  marcnsite  nnd  calcite  nt  Joplin  nnd  other  points  in  the  southwestern  pnrt  of  the  state; 
the  deposits  here  occur  in  limestoue  and  are  of  great  extent  aud  value;  also  in  adjoining 
parts  of  Kansas. 

Named  Itlende  brcaiise,  while  often  resembling  gnlena,  it  yielded  no  lend,  the  word  in 
German  meaning  blind  or  deceiving.     Sphalerite  is  from  atpaXefjoi,  treacherous. 

Metooinnabarite.  Mercuric  sulphide,  HgS.  In  composition  like  cinnabar,  but  occurs 
In  black  tetrahedrnl  crystals;  also  mnssive.  G.  =  78.  From  the  Reddington  mine.  Lake 
county,  California,  with  cinnabar,  quartz  and  marcasite;  ali>o  elsewhere  sparingly. 

Qnadalcazarite.  Near  metacinnabarite.  but  contains  zinc  (up  to  4  p.  c).  Guadalcazar. 
Mexico. 

Tiomannite.  Selenquecksilber.  Mercuric  selenide.  HgSe.  Isometric-tetrahedral.  Com- 
monly mnssive;  compact.  G.  =  819  Utah;  8-30-8  47  Clnusthal.  Luster  metallic.  Color 
steel-gray  to  blackish  lead-gray.  Streak  nearly  black.  Occurs  in  the  Harz;  California,  in 
the  vicinity  of  Clear  lake;  Marysvale,  Piute  Co.,  Utah. 

Onofrite.    Hg(S.Se)  with  Se  =  4'5  to  6*5  p.  c.    San  Onofre,  Mexico;  Marysvale,  Utah. 

t^oloradoite.    Mercuric  telluride,  IlgTe.  Massive.  G.  =  8-6.  Color  iron-black.  Colomdo. 

Alabandite.  Mangnnblende.  Mangnnglnnz  Oerm.  Manganese  sulphide,  Mn8. 
Isometric-tetmhedral;  usually  granular  mnssive.  Cleavage:  cubic,  perfect.  G- =  8i>5- 
404.  Luster  submetallic.  Color  iron-blnck.  Streak  green.  Occurs  at  Nagjr&g,  Tran- 
sylvania; Kapnik.  Hungary;  Mexico;  Peru;  crystallized  and  massive  on  Snake  River,  Sum- 
mit county,  Colorado;  Tombstone,  Arizona. 

Oldhamite.  Calcium  sulphide.  CaS.  In  pale  brown  spherules  with  cubic  cleavtge  ttt 
the  Busti  meteorite. 
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PBNTLANDITE.    Eiscnuickelkies  Oerm. 

Isometric.  Massive,  granular.  Cleavage:  octahedral.  Fracture  uneven,. 
Brittle.  H.  =  3-5-4.  G.  =  4*60.  Luster  metallic.  Color  light  bronze-yellow. 
Streak  light  bronze-brown.     Opaque.     Not  magnetic. 

Comp. — A  sulpliide  of  iron  and  nickel,  (Fe,Ni)S.  In  part,  2FeS.NiS  =  Sul- 
phur 36-0,  iron  42-0,  nickel  22-0  =  100. 

Obi. — Occurs  with  clialcopyrite  near  LillebHmmer,  Norway.  The  mineral  from  Sudburj. 
Ontario,  is  iiiintd  extensively  for  nickel;  it  shows  distinct  octJihedral  cleavage  (or  parting). 
The  same  lociiliiy  also  affords  nickeliferous  pyrite  and  pyrrhotite. 

Troilite.    Ferrous  sulphide,  FcS,  occurring  in  no<lular  mnsscs  and  in  thin  veins  in  many  ; 
iri»n   meteorites.     G.  =  4*75-4  82.     Color  tombacbrowu.     By  some  authors  regarded  as 
identical  with  pyrrhotite  (p.  296). 

4.  Cinnabar-Wurtzite-Millerite  Group.   Rhombohedral  orHezagoiiaL 


Cinnabar 
Covellite 

HgS     Rhon 

CuS 

CdS         He: 
ZnS 

NiS 

NiAs 

NiSb 
Ni(Sb,A8) 

Fe„S,„  etc. 

ibohedral-Trapezohedral 

1-1453 
11466 

d 
0-8109 

0-8175 

0-8194 
0-8586 

0-8701 

Oreenockite 
Wurtzite 

cagonal-Hemimorphic 
it 

i 
or    0-9364 

0-9440 

Millerite 

Niccolite 

Breithauptite 
Ariie 

Pyrrhotite 

Rhombohedral 

u 

Hexagonal 

0-9883 
0-9462 
0*9915 

1-0047 

This  fourth  group  among  the  monosulphides  includes  several  subdivisions, 
as  shown  in  the  scheme  above,  and  the  relations  of  the  species  are  not  in  all 
cases  perfectly  clear.  It  is  to  be  noted  that  the  sulphides  of  mercury  and  zinc, 
already  represented  in  the  sphalerite  group,  appear  here  again. 

If,  as  suggested  by  Qroth,  the  prominent  pyramids  of  wurtzitje.  greenockite,  etc.,  be 
made  pyramids  of  the  second  series  («.^.,  x  =  1122,  in8tea<l  of  1011),  then  the  values  of  h 
in  the  second  column  are  obtained,  which  correspond  to  millerite.  The  form  of  several  of 
these  species,  however,  is  only  imperfectly  known.  A  rhombohedral  form  for  greenockite 
has  been  suggested. 


CINNABAR.    Zinnober,  Schwcfelquecksilber  Oerm, 
Rhombohedral-trapozohedral.     Axis  6  =  1*1453. 


rr 


1011  A  101 1  =  87"  23'. 
w",  4045  A  4045  =  78"  OJ'. 
cr,  0001  A  1011  =  52*^  54'. 
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Crystals  usually  rhombohedral  or  thick 
tabular  in  habit,  rarely  showing  trapezo- 
hedral  faces;  also  acicular  prismatic. 
In  crystalline  incrustations,  granular, 
massive;  so.iietimes  as  an  earthy  coating.  

Cleavage:    r/i  perfect.     Fracture  sub-  k- (1014),  » (2021),  y  (0441) 
conchoidal,  uneven.     Somewhat    sectile. 
H.  =  2-2  5.     G.  =  8-0-8-2.     Luster  adamantine,  inclining  to  metallic  when 
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dark-colored,  aud   to  dull   Id   friable  varieties.     Color  cochineal-red,   ofteu 

inclining  to  brownish  red   and   lead-gray.     Streak   scarlet.     Transparent  to 

opaque.     Optically  +.     Indices:  oOj,  =  2*854,  e,  =  3*201,  Dx.     See  Art.  366. 

Var.— 1.  Ordinary:  either  (a)  crpstalliged;  (b)  tnoMive,  grauulur  embedded  or  compact; 
bright  red  to  reddisli  brown  in  color;  (c)  enrt/ip  ami  bright  red.  2.  Hepatic.  Of  a  liver- 
brown  color,  with  sometimes  a  brownish  streak,  occasionally  slaty  in  structure,  though 
commonly  granular  or  compact. 

Comp. — Mercuric   sulphide,   HgS  =  Sulphur    13*8,  mercury  86*2  =  100. 
Usually  impure  from  the  admixture  of  clay,  iron  oxide,  bitumen. 

P3rr.— In  the  closed  tube  alone  u  black  sublimate  of  mercuric  sulphide,  but  with  sodium 
carbonate  one  of  metallic  mercury.  Carefully  heated  in  the  open  tube  gives  sulphuroua 
fumes  and  metallic  mercury,  which  condenses  in  minute  globules  on  the  cold  walls  of  the 
tube.     B.B.  on  charcoal  wholly  volatile,  but  only  when  quite  free  from  gangue. 

Dift— Characterized  by  its  color  and  vermilion  streak,  high  specific  gravity  (reduced, 
however,  by  the  gangue  usually  present),  softness;  also  by  the  blowpipe  characters  (e.g.,  in 
the  closed  tube).     Resembles  some  varieties  of  hematite  and  cuprite. 

Obs. — Occurs  chiefly  in  veins  in  slate  rocks  and  shales,  and  rarely  in  granite  or  porphyry. 
It  has  been  observed  in  veins,  with  ores  of  iron.  Sometimes  occurs  in  connection  with  hot 
springs  as  the  result  of  solfataric  action.  Pyrite  and  marcasite.  sulphides  of  copper,  ptib- 
nite,.  realgar,  gold,  etc.,  are  associated  minerals;  calcite,  quartz  or  opal,  also  barite,  fluorite, 
are  gangue  minerals;  a  bituminous  mineral  is  common. 

The  most  important  European  deposits  are  at  Almaden  in  Spain,  and  nt  Idria  in  Car- 
niola,  where  it  is  usually  massive;  also  at  Bakmut  in  southern  Russia.  Crystallized  at 
Moschellandsberg  and  Wolfstein  in  the  Palatinate  and  at  the  mines  of  Mt.  Avala,  near 
Belgrade.  Servia;  at  Ripa  in  Tuscany;  in  the  Urals:  the  Nerchinsk  region  in  Transbaikal; 
in  China;  Japan;  Mexico;  Huancavelica.  Peru;  Chili. 

In  the  U.  8.  forma  extensive  mines  in  California,  the  most  important  at  New  Almaden 
and  the  vicinity,  in  Santa  Clara  Co.;  also  at  Altoona,  Trinity  Co.;  it  is  now  forming  by 
solfataric  action  at  Sulphur  Bank,  Cal.,  and  Steamboat  Springs,  Nevada;  also  occurs  in 
southern  Utah. 

The  name  cinnabar  is  supposed  to  come  from  India,  where  it  is  applied  to  the  red  resin, 
dragon's  blood.  The  native  cinnabar  of  Theophmsius  is  true  cinnabar;  he  speaks  of  its 
affording  quicksilver.  The  Latin  name  of  cinnabar,  minium,  is  now  given  to  red  lead,  a 
substance  which  was  early  used  for  adulterating  cinnabar,  and  so  got  at  last  the  name. 

Oovellite.  Kupferindig  Germ.  Cupric  sulphide.  CuS.  Rarely  in  hexagonal  crystals. 
Commonly  massive  or  spheroidal.  G.  =  4*59.  Color  indipo-blue  or  darker.  From  Baden- 
weiler,  Baden;  Mansfeld,  Thuringia;  Vesuvius,  on  lava;  Chili,  etc. 
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Hexagonal-hemimorphic.      Rarely   in   hemimorphic    crystals;    also  as  a 
coating. 

Cleavage :  a  distinct,  c  imperfect.   Fracture  conchoid al.   Brittle.  H.=3-3'5. 
506.  ^'  =  4-9-5-0.     Luster  adamantine  to  resinous.     Color 

honey-,  citron-,  or  orange-yellow.  Streak-powder  be- 
tween orange-yellow  and  brick-red.  Nearly  transparent. 
Optically  +• 

Comp.— Cadmium    sulphide,   CdS  =  Sulphur  22*3, 
cadmium  77-7  =  100. 


Pyr. .  etc.  -  In  the  closed  tube  assumes  a  carmine-red  color 
while  hot,  fading  to  the  orie^inal  yellow  on  cooling.  In  the  open 
tube  gives  sulphurous  fumes.  B.B.  on  chaicoal,  either  alone  or 
with  soda,  gives  in  R  F.  a  reddish-brown  coating.  Soluble  In 
hydrochlonc  acid,  airnriling  hydrogen  sulphide. 

Obs.— Occurs  with  prehnite  at  Bishopton,  Henfrewshire, 
and  elsewhere  in  Scotland.  At  Pribram  in  Bohemia,  ns  a  coatinjr  (»n  sphalrriie;  similarly 
at  other  points;  so  too  in  the  U.  8.  near  Friedcnsville,  Pa  ,  and  in  the  zinc  region  of  south- 
western Missouri;  in  Marion  Co.,  Ark.,  it  colors  smithsonite  bright  yellow.  Not  un- 
common as  a  furnace  product. 
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Wnrtzite.  Zinc  sulphide,  ZdS»  like  spiialerite,  but  in  iiemimorpliic  hexngooal  crystals; 
also  libroutt  aud  massive.  G.  =  8  98.  Color  brownish  black.  From  a  silver-mine  near 
Oruro  in  Bolivia;  Portugal;  Peru.  lu  crystals  with  sphalerite  and  quartz  at  the  "Original 
Butte"  mine,  Butte  City,  Montana. 

The  massive  fibrous  forms  of  *'  Schalenblende  "  occur  at  Pfibram.  Liskeard,  etc.  Other 
forms,  from  Stolberg,  Wiesloch,  Alteuberg,  are  in  part  wurtzite,  in  part  sphalerite. 

Ertthrozincitb  is  (Zu,Mu)S.    From  Siberia. 

MILLEBJTB.    Capillary  Pyrites.     Haarkies  Germ. 

Bhombohedral.  Usually  in  very  slender  to  capillary  crystals,  often  in 
delicate  radiating  groups;  sometimes  interwoven  like  a  wad  of  hair.  Also  in 
columnar  tufted  coatings,  partly  semi-globular  and  radiated. 

Fracture  uneven.  Brittle;  capillary  crystals  elastic.  H.  =  3-3*5. 
G.  =  5'3-5*65.  Luster  metallic.  Color  brass-yellow,  inclining  to  bronze- 
yellow,  with  often  a  gray  iridescent  tarnish.     Streak  greenish  black. 

Comp.— Nickel  sulphide,  NiS  =  Sulphur  35-3,  nickel  647  =  100. 

Pyr.,  etc.— In  the  open  tube  sulphurous  fumes.  B.B.  on  charcoal  fuses  to  a  globule. 
When  roasted,  gives  with  borax  and  salt  of  phosphorus  a  violet  bead  in  O.F.,  becoming 
gray  in  R.F.  from  reduced  metallic  nickel.  On  charcoal  in  K.F.  the  roasted  mineral  gives 
a  coherent  metallic  mass,  attractable  by  the  magnet.  Most  varieties  also  show  traces  of 
copper,  cobalt,  and  iron  with  the  fluxes. 

Obs.— Occurs  commonly  in  capillnry  crystals,  in  the  cavities  and  amon^  crystals  of  other 
minerals.  Found  at  Joachimsthal  in  Bohemia;  Johanngtorgenstadt;  Pribram;  Riechels- 
dorf;  Andrea^berg;  Freiberg.  Suxony;  Cornwall. 

In  the  U.  S.,  at  Antwerp,  N.  Y..  in  cavities  in  hemutite;  in  Lancaster  Co..  Pa  ,  at  the 
Gap  mine,  in  thin  velvety  coatings  of  a  radiated  fibrous  structure.  With  calcite.  dolomite 
and  fliiorite,  forming  delicate  tangled  hair  like  tufts,  in  geodes  in  limestone,  often  pene- 
trating the  calcite  crystals,  at  St.  Louis,  Mo.;  simihirly  near  Milwaukee,  Wis.  At  Orford, 
Quebec. 

Beyrtchite.  NiS  like  millerite  with  also  Co,Fe.  From  Wester wald.  The  relation 
of  the  two  species  is  doubtful. 

Hauchecorkite.  Perhaps  Ni(Bi,Sb.S).  In  tabular  tetragonal  crystals.  H.  =  5. 
Q.  =  6*4.     Color  light  bronze-yellow.     From  Humni  a.  d.  Sieg. 

NIOOOIiTTB.     Copper  Nickel.     Eupfernickel.     Rothnickelkies  Oerm. 

Hexagonal.  Crystals  rare.  Usually  massive,  structure  nearly  impalpable; 
also  reniform,  columnar;  reticulated,  arborescent.  Fracture  uneven.  Brittle. 
H.  =  5-5*5.  G.  =  7*33-7*67.  Luster  metallic.  Color  pale  copper-red. 
Streak  pale  brownish  black.     Opaque, 

Comp. — Nickel  arsenide,  NiAs  =  Arsenic  56*1,  nickel  43*9  =  100.  Usually 
contains  a  little  iron  and  cobalt,  also  sulphur;  sometimes  part  of  the  arsenic 
is  replaced  by  antimony,  and  then  it  graduates  toward  breithauptite.  The 
intermediate  varieties  have  been  called  arite, 

Pyr.,  etc.— In  the  closed  tube  a  faint  white  crystalline  sublimate  of  arsenic  trioxide. 
In  the  open  tube  a  sublimate  of  arsenic  trioxide.  with  a  trace  of  sulphurous  fumes,  the 
assay  becoming  yellowish  green.  On  charcoal  gives  arsenical  fumes  and  fuses  to  a  globule, 
which,  treated  with  borax  glass,  affords,  by  successive  oxidation,  reactions  for  iron,  cobalt, 
and  nickel;  the  antimonial  varieties  give  also  reactions  for  antimony.  Soluble  in  aqua 
regia. 

Obs. — Accompanies  cobalt,  silver,  and  copper  ores  in  the  Saxon  mines  of  Annaberg, 
SchneelKir^  etc.;  nlso  in  Tburingia.  Hesse,  and  Styria;  at  Allemont,  Dauphine;  at  the  Ko 
mines  in  Nordmark.  Sweden:  at  Balen  in  the  Busses  Pyrenees  {ante);  occasionally  in 
Cornwall  ;  Chili;  abundant  at  Mina  de  la  Rioja.  Oriocha,  Argentina.  In  the  U.  S.,  at 
Chatham,  Conn.,  in  pieiss;  sparingly  at  Franklin  Furnace.  N.  J.;  Silver  Cliff.  Colorado; 
Till  Cove,  Newfoundland. 
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Br«itluinptite.  Antimonu ickel  (70rm.  Nickel  ant imouide,  NiSb.  Rftrely  in  bexago- 
nal  crystnls;  usuully  massive,  arborescent,  disseminated.  G.  =  7*54.  €k>lor  light  copper- 
red.    From  Audreasberg  in  tbe  Harz. 

PTRRHOnTB.     Magnetic  Pyrites.     Mrignetkies  Oerm. 
606.  Hexasronal.     <;  =  0  8T01. 

e»,  0001 A 101 1  =45°    S'. 

CM,  0001 A  4041  =76*    0*. 

ey,  0001  A(-*00-20-8)  -  81'  30J'. 

Twins:  tw.  pi.  s,  with  vertical  axes  nearly  at  right 
angles  (Fig.  382,  p.  125).  Distinct  crystals  rare,  commonly  tabular;  iQso 
acute  pyramidal  with  faces  striated  horizontally.  Usually  massive,  with  gran- 
ular structure. 

Parting:  c,  sometimes  distinct.  Fracture  uneven  to  subconchoidal. 
Brittle.  H.  =  3*5-4*5.  G.  =  4'58-4'64.  Luster  metallic.  Color  between 
bronze-yellow  and  copper-red,  and  subject  to  speedy  tarnish.  Streak  dark 
grayish  black.  Magnetic,  but  varying  much  in  intensity;  sometimes  possess- 
ing polarity. 

Comp. — A  sulphide  of  iron,  often  containing  also  nickel;  formula  chiefly 
Fe,,8„;  analyses,  however,  vary  from  Fe^S,  up  to  Fe„S,„  while  conforming 
to  the  general  formula  Fe^Sn+i-  Percentage  composition  Fe„Sj,  =  Sulphur 
38-4,  iron  616  =  100;  Fe,S.  =  Sulphur  39-6,  iron  604  =  100;  Fe.S,  =  Sul- 
phur  39-2,  iron  =  60*8  =  100. 

Pyr.,  etc. — Uncbanged  in  tbe  closed  tube.  In  the  open  tube  gives  sulphurous  fumes. 
On  charcoal  in  R.F.  fuses  to  a  black  magnetic  mass;  in  O.F.  is  coaverted  into  red  oxide» 
which  with  fluxes  gives  only  an  inm  reaction  when  pure,  but  many  varieties  yield  small 
amounts  of  nickel  and  cobalt.  Decomposed  by  hydrochloric  acid,  with  evolution  of 
hydrogen  sulphide. 

IHS, — Distinguished  by  its  peculiar  reddish -bronze  color;  also  by  its  magnetic  properties. 

Obs. — Occurs  at  Kongsberg,  Modum,  etc.,  in  Norwajr;  Falun,  Sweden;  Andreasberff; 
Bodenmais:  Breitenbrunu;  Joachinisthal,  Bohemia;  Nizhni  Tagilsk;  Minas  Geraes  in  Brazil, 
in  large  tabular  crystals;  the  lavas  of  Vesuvius;  Cornwall. 

In  N.  Ameriai  in  Maine,  at  Standish  with  andalusite:  in  Vermont,  at  Stafford,  etc.  In 
ilT.  York,  near  Diana,  Lewis  Co.;  OningeCo.  In  Penjisylvdnia,  at  the  Gap  mine,  Lancaster 
Co..  nickel! ferotis.  In  I'ennestee,  at  Ducklown  mines,  ubundaut.  In  Canada,  in  larce  veins 
at  St.  Jerdme,  Elizabethtown,  Ontario;  at  Sudbury,  etc.  This  species  is  often  mined  for 
the  nickel  it  contains. 

Pyrrhotite  is  often  present  in  disseminutcd  particles  or  crystals  in  meteoric  stones;  the 
iron  sulphide  of  meteoric  irons  is  generally  referred  to  troilite  (p.  293). 

Named  from  nv^porrf^,  reddim. 

C.  Intermediate  Division. 

Horbachite.  An  iron-nickel  sulphide,  perha[)8  4Fe^St.Ni,S,.  Crystalline,  massive. 
Color  pinchbeck-brown  to  steel-gray.     G.  =  4*43.     From  liorbach  in  the  Black  Forest. 

Polydymite.  A  nickel  ftulphide,  perhaps  Ni48».  In  octahedral  crystals;  frequently 
twinned.     G.  =4  54-4*81.     Color  gray.     From  Grftnau,  Westphalia. 

A  nickel  ore  from  Sudbury,  Ontario,  corresponds  to  NiiFeS*.  conforming  to  the  general 
formula  of  polvdymite;  another  Sudbury  ore  agrees  with  pentlandite  (p.  298),  and  still 
another  is  a  nickeJiferous  pyrrhotite. 

Oriinauite.     Contains  sulphur,   bismuth,   nickel,  iron ;    perhaps  a  mixture.      From 

GrQnau. 

Sychnodymite.  Essentially  (Co,Cu)4S».  Isometric,  in  small  steel-gray  octahedrooa^ 
From  the  Siegeu  district,  Germany. 
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Molonite.  Tellurnickel  Germ.  A  nickel  telluride,  NisTe*.  Id  iodistinct  granular 
and  foHiiteil  particles.  Color  reddlsli  white,  with  inAtallic  luster.  From  the  Stunishius 
luioe,  California;  probably  also  iu  Boulder  Co..  Colorado. 


The  following  species  are  sometimes  regarded  as  Salpho-salts,  uamely, 
SuIplio-ferriteSy  etc. 

BORNTTB.  Buutkupfererz  Qerm,  Purple  Copper  Ore.  Variegated  Copper  Ore. 
Erubescite. 

Isometric.  Habit  cubic,  faces  often  rough  or  curved.  Twins:  tw.  pi.  o, 
often  penetration-twins.     Massive,  structure  gi*anular  or  compact. 

Cleavage :  o  in  traces.  Fracture  small  conchoidal,  nneven.  Brittle. 
H.  =  3.  G.  =  4*9-5*4.  Luster  metallic.  Color  between  copper-red  and 
pinchbeck-brown  on  fresh  fracture^  speedily  iridescent  from  tarnish.  Streak 
pale  grayish  black.     Opaque. 

Comp.,  Van — A  sulphide  of  copper  and  iron,  but  varying  in  the  proportions 
of  these  metals.  The  crvstallized  mineral  agrees  with  Cu.FeS,  =  sulphur 
28-1,  copper  55*5,  iron  16-4  =  100:  this  may  be  written  3Cu,S.Fe,S,  (Groth) 
or  Cu,S.CuS.FeS  (Rg.). 

Analyses  of  massive  varieties  give  from  60  to  70  p.  c.  of  copper  nnd  15  to  6*5  p.  c.  of 
iron.     The  variation  is  due,  iu  part  at  least,  to  mechanical  admixture,  chiefly  of  chaTcocite. 

Pyr.,  etc. — In  the  closed  tube  givt^s  a  faiut  sublimate  of  sulphur.  In  the  open  tube 
yields  sulphurous  fumes,  but  no  sublimate.  B.B.  on  charcoal  fuses  inR.F.  to  a  brittle 
magnetic  globule.  The  roiistod  mineral  gives  with  the  fluxes  the  reactions  of  iron  and 
copper,  and  wi'  h  so<la  a  metallic  globule.     Soluble  in  nitric  acid  with  se])aration  of  sulphur. 

DifL— Distinguiffhe<l  (e.g.  from  chtilcociie)  by  the  pecruliar  reddish  color  on  the  fresh 
fracture  and  by  Its  brilliant  tarnisli;  B.B.  becomes  stionirly  magnetic. 

Obs. — Occurs  with  other  copper  ores,  and  is  a  valuable  ore  of  copper.  Crystalline 
varieties  are  found  in  Cornwall,  called  by  the  miners  "  horse-flesh  ore."  Occurs  massive 
at  Ross  Island.  Kilhirney.  Ireland;  Aionte  Catini,  Tuscany;  the  Mansfeld  district,  Qer- 
many;  in  Norway.  Sweilcn.  Siberia,  Silesia,  nnd  Hungary.  It  is  the  principal  copper  ore 
at  some  Chilinn  mines:  also  common  iu  Peru.  Bolivia,  nnd  Mexico. 

In  the  U.  S.,  found  at  the  copper  mine  in  Bristol.  Conn.;  massive  at  Mahoopeny,  near 
Wilkesbarrc,  Penn.     A  common  ore  in  Canada,  at  the  Acton  and  other  mines. 

Named  after  the  mineralogist  Ignatius  von  Born  (1742-1791). 

Linnttite.  A  sulphide  of  cobalt,  CosS4  =  CoS.CoaSa,  analogous  to  the  spinel  group. 
Also  contains  nickel  (var.  »iegenit").  Commonly  iu  octahedrons;  also  massive.  H.  =5*5. 
G.  =  4  8-5.  Color  pale  steel-ffrny.  tarnishing  copper-red.  Occurs  at  B:i8tnae8,  etc., 
Sweden;  Mtlsen,  near  Siegcn.  Prussia;  at  Siegen  (siegeiiite),  iu  octahedrons.  In  the  U.  8., 
at  Mine  la  Motte,  Missouri;  Mineral  Hill.  Mnryhind. 

Daabroelite.  An  iron-chromium  sulphide,  FeS.CrsSa.  occurring  with  troilile  in  some 
meteoric  irons.     Color  black.     G.  -  5*01.  P.  2  'i  ■> 

Cubanite.  An  iron-copper  sulphide,  perhaps  CuFesS4  =  CuS.FeiSa.  Isometric;  mas- 
sive. Color  between  bronze-  nnd  brnss-yellow.  G.  =  4  03-4*17.  From  Barracanao,  Cub:i; 
Tunaberg  and  Kaf  vellorp,  Sweden. 

Carrollite.  A  copper-cobalt  sulphide.  CnCoaS*  =  CuS.CoaSa-  Isometric;  rarely  in 
octahedrons.  Usually  massive.  G.  =  4*85.  Color  light  steel-gray,  with  a  faint  reddish 
hue.     From  Carroll  Co.,  Maryland,  near  Finksburg. 

OHAIjCOPYRITB.     Copper  Pyrites.     Yellow  Copper  Ore.     Kupferkies  Oerm. 
Tetragonal-sphenoidal.     Axis  i  =  0*98525. 
pf/.  111  A  ill  =  108'  40'.  pp,,  111  A  111  =  70"  7V.  Ctf.  001  A  101  =  44"  34*'. 

Crystals  commonly  tetrahedral  in  aspect,  the  sphenoidal  faces  p  large, 
dull   or  oxidized;  p^  small   and   brilliant.     Sometimes   both   forms  equally 
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developed,  and  then  octahedral  in  form.  Twins:  (1)  tw.  pi.  p  (111), 
resembling  spinel-twins  (Fig.  379,  p.  125);  sometimes  repeated  as  a  fivelin^ 
(Fig.  609).  (2)  Tw.  pi.  and  comp.-face  e  (Fig.  381,  p.  125)  often  in  repeated 
twins.  (3)  Tw.  pi.  7)i,  tw.  axis  c,  complementary  penetration  twins.  Often 
massive,  compact. 

Cleavage:  z  (201),  sometimes  distinct;  c,  indistinct.  Fracture  uneven. 
Brittle.  11.  =  3*5-4.  G.  =  4-l-4'3.  Lnster  metallic.  Color  brass-yellow; 
often  tarnished  or  iridescent.     Streak  greenish  black.     Opaque. 

607.  608.  609. 


z  CiOl),  9  (513). 

Comp. — A  sulphide  of  copper  and  iron,  CuFeS,  or  Cu,S.Fe,S,  =  Sulphur 
35*0,  copper  34*5,  iron  30  5  =  100.  Analyses  often  show  variations  from  this 
formula,  often  due  to  mechanical  admixture  of  pyrite. 

Sometimes  auriferous  and  argentiferous ;  also  coiitHins  traces  of  seleiJum  and  tbalHum. 

Pyr.,  etc. — In  the  closed  lube  decrepitates,  and  gives  a  sulphur  subh'mate,  in  the  open 
tube  sulphurous  fumes.  On  charcoal  fuses  to  a  ningneiic  globule  ;  wiih  soda  the  rousted 
mhn'ml  gives  a  globule  of  copper  containing  iron.  ITie  roasted  mineral  reacts  for  copper 
and  iron  with  the  tluxes.  Dissolves  in  nitric  acid,  excepting  the  sulphur,  and  forms  a  green 
solution;  ammonia  in  excess  changes  the  green  color  to  a  deep  blue,  and  precipitates  red 
ferric  hydroxide. 

Diflf.— Distinguished  fiom  pyrite  by  its  inferior  haidness  and  deeper  yellow  color. 
Resembles  gold  when  disseminated  in  minute  grains  in  quartz,  but  differs  in  being  brittle 
and  in  having  a  black  streak;  furtlier  it  is  soluble  in  nitric  acid. 

Obs.— A  widely  disseminated  mineral  in  metallic  veins  and  nests  in  gneiss  and  crystal- 
line schists,  al-o  in  serpentine  rocks:  often  intimately  associated  with  pyrite,  also  with 
siderite.  tetrahedrite.  etc.,  sometimes  with  nickel  and  cobalt  sulphides,  pyrrhotite,  etc. 
Observed  coaled  with  tetrahedrite  crystals  in  parallel  position,  also  as  a  coating  over  the 
latter. 

Chalcopyrile  is  the  principal  ore  of  cop|ier  at  the  Cornwall  mines;  there  associated  with 
cassiterite,  galena,  bornite,  chalcocite.  tetrahedrite,  sphalerite.  At  Falun,  Sweden,  it 
occurs  in  large  masses  embedded  in  gneiss.  At  Rammelsberg,  near  Goslar  in  the  Harz, 
forms  a  bed  in  argillaceous  schist;  occurs  with  nickel  and  cobalt  ores  in  the  Kupferschiefer 
of  Mansfeld.  The  Kurprinz  mine  at  Freiberg  affords  well-defined  crystals;  als>o  Hor- 
hausen.  Dillenburg,  Neudorf,  MUsen;  Schlackenwald  in  Bohemia.  Comuion  elsewhere  as 
at  Mte.  Catini  in  Tuscany;  in  New  South  Wales:  Chili,  etc. 

In  Maine,  at  the  Lubec  mines  and  elsewhere.  In  Vn^mont,  at  Stafford,  etc.  Id  Mats.,  nt 
the  Southampton  letid  mines  In  Conn,,  at  Bristol.  In  New  York,  in  crystals  and  massive 
at  Ellenville,  Ulster  Co.  In  Penneylvunia,  at  Phenixville;  at  the  French  Creek  mines, 
Chesier  Co.,  with  pyrite.  magnetite,  etc.  In  Maryland,  near  Finksbury.  Carroll  Co.. 
abundant.  In  Virginia,  at  the  Phenix  ci>pper  mines,  Fauquier  Co.,  and  the  Walton  gold 
mine,  Louisa  Co.  In  N.  Carolina,  near  Greensboro',  abundant  massive.  In  Tenneuee,  80 
miles  from  Cleveland,  in  Polk  Co.     In  Missouri,  with  sphalerite  at  Joplin,  Jasper  Co. 

In  Cal.,  in  different  mines  along  a  belt  between  Mariposa  Co.  and  Del  Norte  Co.,  on 
west  side  of,  and  parallel  to.  the  chief  gold  lielt;  occurring  massive  in  Calaveras  Co.,  and 
in  crystals  on  Domingo  Creek,  etc.  Abundant  in  Montana,  near  Butte,  with  bornite, 
pyrite,  etc.,  also  at  other  points,  often  argentiferous  and  auriferous.  In  Colorado,  abuudaot 
in  Gilpin,  Boulder.  Chaffee,  Gunnison  counties,  etc.;  commonly  associated  with  pyrite, 
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tetra  bed  rite,  sphalerite,  and  often  highly  argentiferous.  Also  mined  in  Arizona,  Utah, 
but  in  most  cases  chiefly  for  silver  and  gold.     Grant  Co.,  New  Mexico. 

In  Cantida,  in  Perth  and  near  Sherbrooke  and  at  many  points  in  the  eastern  part  of  the 
province  of  Quebec:  in  the  Nipissine  distr.,  Ontario,  at  various  points;  extensively  mined 
at  Sudbury;  at  the  Bruce  mines,  on  Lalie  Huron;  at  Point-au-Mines  and  elsewhere  on  Lake 
Superior. 

Named  from  x^^^o^»  bra$8,  and  pyrites,  by  Henckel  (17:^). 


D.  Disulphides,  Diarsenides,  etc. 

The  disulphides,  diarseiiides,  etc.,  embrace  two  distinct  groups.  The 
promiuent  metals  included  are  the  same  in  both,  viz.:  iron,  cobalt  and  nickel. 
The  groups  present,  therefore,  several  cases  of  isodimorphism,  as  is  shown  in 
the  lists  of  species  below.  These  sulphides  are  all  relatively  hard,  H.  =  5-6; 
they  hence  strike  fire  with  a  steel,  and  this  has  given  the  familiar  name 
pyrites  applied  to  most  of  them.  The  color  varies  between  pale  brass-yellow 
and  tin- white. 

Pyrite  Group.     RS,,RAs,,RSb,.     Isometric-pyritohedral. 


I 


Pyrite  FeS,  Gersdorflte  NiS,.NiAs, 

Hauerite  MnS,  Corynite      NiS,.Ni(As,Sb), 

Smaltite       Co  As,,  also  (Co,Ni)As,  Vllmannite  NiS,.NiSb,  (isometric-tetar- 
Chloanthite  NiAs,,  also  (Ni,Co)As,  Sperrylite    PtAs,  [tohedral) 

Cobaltite  CoS.CoAs,  Laurite        RuS,? 


Marcasite  Group.     RS,,  RAs,,  etc. 

Orthorhombic. 

d  :  b 

:h 

110  a  110 

IOIaIOI 

Maroasite 

FeS,                 0-7662  :  1 

:  1-2342 

74°  55' 

116°  20' 

Lollingite 

FeAs,                0-6689  : 1 

:  1-2331 

67°  33' 

123°    3' 

Leu  copy  rite 

Fe.As, 

Arsenopyrite 

FeS,.FeAs,            0-6773  :  1 

:  1-1882 

68°  13' 

120°  38' 

Danaite 

(Fe,Co)S,.(Fe,Co)As, 

Safflorite 

CoAs, 

Eammelsbergite 

NiAs, 

Olaucodot 

(Co,Fe)S,.(CoFe)A8,  0*6942  :  1  ; 

:  1-1925 

69°  32' 

119°  35' 

AUooIasite 

(Co,Fe)(A8,Bi)S 

Wolfachite 

NiS,.Ni(As,Sb), 

The  Pyrite  Group  includes  besides  the  compounds  of  Fe,  Co,  Ni,  also  others 
of  the  related  metals  Mn  and  Pt.  The  crystallization  is  isometric-pyrito- 
hedral. 

The  species  of  the  Marcasite  Group  crystallize  in  the  orthorhombic 
system  with  prismatic  anorles  of  about  70"  and  110°  and  a  prominent  macro- 
dome  of  about  60°  and  120°.  Hence  fivefold  and  sixfold  repeated  twins  are 
common  with  several  species,  in  the  one  case  the  prism  and  in  the  other  the 
macrodome  named  being  the  twinning-plane. 


DE6CBIFTITS  UINSSALOOT. 


Pyrite  Oroup. 

FTRITEI.    Bchwefelkles,  El^eiikieB.  Otrm.    Iron  Pyriti-a. 

Isometric-pyritohedral.  Cube  and  pvrilohedrou  e  (210)  the  cotninoii  fomUf 
the  faces  of  both  often  with  atriatious  |  edge  a/e,  due  to  oacillatory  cotnbiiia* 
tion  of  these  forms  uud  teudiug  to  pi-oduce  rounded  faces;  p^ritohedral  facc» 
also  striated  J_  to  this  edge;  octahedron  also  comiiiou.  See  r'lga.  61U-GI7,  also 
Figs.  117-123,  pp.  44,45.  Twins:  tw.  ax  a,  usually  penetration-twina  with 
parallel  axes  (Fig.  369,  p.  124) ;  rarely  contact-twins.  Frequently  massive,  fine 
granular;  sometimes  subfibrous  radiated;  reniform,  globular,  stalactitic. 

Cleavage:  a,  O  indistinct.  Fracture  conchoidal  to  uneven.  Brittle.  H.  = 
6-6-5.  G.  =  4-9a-5-10;  4-967  Traveraella,  5-U37  Elba.  Luater  metalliiv 
610.  811.  ai3.  tfl3. 


splendent  to  glistening.     Color  a  pale  brass-yellow,  nearly  uniform.     Streak 
greenish  black  or  brownish  black.     Opaqne. 

Comp.,  Tar.— Iron  disulphide,  FeS,  =  Sulpbnr  53-4,  iron  466  =  100. 

Nickel,  cobalt,  and  tbnillunt.  and  also  copiwr  lu  smnll  qiiniitiUcs,  Kimeliiiica  replace  part 
of  tlie  iroD,  or  else  occur  as  mixtures;  selenium  is  somutiine*  prvseiii  in  traces.  Gold  ts 
■omelimeB  distributed  invisibly  throngh  it,  nurifcroiis  pyrile  bciuir  an  iiniwrliiut  source  of 
gold.  ArseDic  is  raiely  present,  as  in  oclubedral  crysiuls  fruni  Fi«ucli  Creek,  Peon.  (0-S 
p.  c.  As). 

Pyr..  eto. — Tu  tbc  closed  tube  asublirnnte  of  siilpbur  and  amngnciic  residue.  B.B.  on 
oharcosl  gives  off  sulpbur.  buriiin{;  wiili  a  blue  Uanie,  leaving  il  magnetic  reddoe  wbicb 
I'ttacts  like  pyrrhotlte  (p.  296),     Insoluble  in  Lydiocliloric.  but  decompciseil  by  uiirlc  aetd. 

Diff.— Disiiugiiiahed  from  cbalcopyrile  by  its  greater  hardiieaa  aui)  paler  color;  in  lona 
and  apecidc  gravity  dittereat  frum  niaroiKlie,  whicb  hits  also  u  wliiier  color. 

Obs.— Pyrile  occun  abundantly  la  rocks  of  nl!  ngcs,  from  llie  oldest  crystalline  lo  the 
most  recent  nllnvial  deposits.  Il  iiKuallj  occiira  in  small  cuIh'S.  pyninliedrona.  or  iu  more 
biclilj  modified  forms;  also  (often  will)  marcBsitc)  In  irregular  spheroidal  eodutea  and  in 
veins,  in  clay  slnlc.  argillaceous  sandslonea.  (lie  coal  forma'ioll.  cic. 

Fine  crystals  have  been  found  in  some  of  tlie  Cumtsh  mines;  also  in  great  variety  with 
hematite  on  ihe  Island  of  Elba,  ami  with  magnellle  nt  Traverf^elln  and  Brosso  In  Pieilmont. 
Other  lucalitiea  for  crystnli  are  Mtlsen  near  Siegen;  Freiberg.  Siixoiiy;  Scbneoherg;  Wal- 
denslein  In  Carintliln;  PHbmm,  Boliemfa;  Scheoniitz,  Htingary;  Persberg,  Falun,  and 
Lilni;l>nn  In  Bweden  ;  Kongaberc  in  Norway. 

IQ  Maiue.  nt  Peru,  Wsterville.  etc.  In  If.  Ilampikir*.  at  Unity,  massive.  In  Mm*.,  at 
Howe,  Hawtey,  massive.  In  Vermont,  at  Bliorebam.  in  limeslone;  Hartford.  In  Onnn.,  at 
Roxbury.  finely  eryslnlllsed.  In  N.  York,  nt  Rtwsie,  floe  crystals;  nt  Sclioharie;  st  Gbester, 
yfsrrea  Co.;  in  Orange  Co.,  at  Warwick;  massive  in  Fninktin,  Putnam,  and  Orange  CoL, 
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etc.  In  Pennsyltania,  at  Chester,  Delaware  Co.;  at  Knauertown,  Chester  Co.;  at  French 
Creek  miues,  octabedrons  aud  other  forms,  sometimes  telragonal  or  ortUorhombic  iu  sym- 
metry; Coruwall,  Lebuuou  Co.;  iu  N,  Car.,  uear  Grecusboro',  Guilford  Co.,  in  cr}'sial8. 
In  Colorado,  crystals  uear  Ceutral  City,  Gilpiu  Co.,  and  elsewhere.  Auriferous  pyrlte  is 
common  at  the  mines  of  Colorado,  and  mauy  of  those  of  Cnliforuia,  as  weil  as  in  Virginia 
and  the  States  south.  In  Canada,  2  miles  N.  W.  of  Brockville,  Ontario,  a  cobaltiferous 
variety. 

Large  quantities  of  massive  pyrite  are  mined  at  the  Rio  Tinto  and  other  mines  in  Spain, 
also  iu  Portugal.  Among  important  deposits  iu  the  U.  S.  are  those  at  Rowe,  Mass.; 
Herman.  St.  Lawrence  Co.,  and  Ellenville,  Ulster  Co.,  N.  Y.;  Toleisville,  Louisa  Co.,  Va.; 
Dallas,  Paulding  Co  ,  Gu. 

The  name  pyrite  is  derived  from  itvp,  fire,  and  alludes  to  the  sparks  from  friction ; 
hence  tlte  early  name  pj/niea  (p.  2W). 

Pyrite  readily  changes  to  an  iron  sulphate  by  oxidation,  some  sulphur  being  set  free. 
Also  to  limonitu  on  its  surface,  and  afierward  throughout,  by  the  action  of  n  solution  of 
bicarbonate  of  liuie  carrying  off  the  sulphuiic  acid  as  change  proceeds,  aud  from  limonite 
to  red  iron  oxide. 

Hauorite.  Manganese  disulphide,  MnSa.  In  octnhedral  or  pyritohedral  crystals;  also 
massive.  G.  =  3*46.  Color  reddish  brown  or  brownish  black.  From  Kalinka,  Hungary; 
Raddusa,  Catania,  Sicily. 


iTTTB-CHLOANTHITB.     Speiskobalt  Germ, 

Isometric-pyritohedral.  Commonly  massive;  in  reticulated  and  other 
imitative  shapes. 

Cleavage:  o  distinct;  a  in  traces.  Fracture  granular  and  uneven.  Brittle. 
H.  =  6*5-6.  G.  =  6*4  to  6*6.  Luster  metallic.  Color  tin-white,  inclining, 
when  massive,  to  steel-gray,  sometimes  iridescent,  or  grayish  from  tarnish. 
Streak  grayish  black.     Opaque. 

Comp. — Smaltite  is  essentially  cobalt  diarsenide,  CoAs,  =  Arsenic  71*8, 
cobalt  28-2  =  100.  Chloanthite  is  nickel  diarsenide,  NiAs,  =  Arsenic  71*9, 
nickel  281  =  100. 

Cobalt  and  nickel  are  usuallv  both  present,  and  thus  these  two  species  graduate  into  each 
other,  and  no  sharp  line  can  be  drawn  between  them.  Iron  is  also  present  in  varying 
amount;  the  variety  of  chloanthitc  containing  much  iron  has  been  called  c/t/ir/i*  mite.  Further 
sulphur  is  usually  present,  but  only  in  small  quantities.  "Many  unaly^e8  do  not  conform 
even  approximatelv  to  the  formula  RAs«,  the  nitio  rising  from  less  than  1 : 2  to  1 :  2*5  and 
nearly  1 : 3.  thus  showing  a  tendency  toward  skuttcrudite  (RAss),  perhaps  due  to  either 
molecular  or  mechanical  mixture. 

Much  that  has  been  called  smaltite  (speiskobalt)  is  shown  by  the  high  specific  gravity  to 
belong  to  the  orthorhombic  species  safflorite. 

Pyr..  etc. — In  the  closed  tulie  gives  a  sublimate  of  metallic  arsenic;  in  the  open  tube  a 
white  sublimate  of  arsenic  trioxide,  and  sometimes  traces  of  sulphur  dioxide.  B  B.  on 
charcoal  gives  an  .arsenical  odor,  and  fuses  to  a  globule,  which,  treated  with  successive 
portions  of  borax-glass,  affords  reactions  for  iron,  cobalt,  and  nickel. 

Obs. — Usually  occurs  in  veins,  accompanying  ores  of  cobalt  or  nickel,  and  ores  of  silver 
and  copper:  also,  in  some  instances,  with  niccolite  and  arsenopyrite.  Found  at  the  Sazou 
mine»;  Joachimsthal.  Bohemia;  Wheal  Sparnon,  Cornwall;  Riechelsdorf.  Hesse;  Tunaberg, 
Sweden;  Allemont,  Dauphine.  In  the  U.  8..  at  Chatham,  Conn.,  the  e^ci(Aamt(0  occurs  m 
mica  slate,  wiih  arsenopyrite  and  niccolite;  at  Franklin  Furnace,  N.  J. 

COBALTTTB. 

Isometric-pyritohedral.  Commonly  in  cubes,  or  pyritohedrons,  or  combina- 
tions resembling  common  forms  of  pyrite.     Also  granular  massive  to  compact. 

Cleavage:  cubic,  rather  perfect.  Fracture  uneven.  Brittle.  H.  =  5*5. 
G.  =  6-6*3.  Luster  metallic.  Color  silver-white,  inclined  to  red;  also  steel- 
gray,  with  a  violet  tinge,  or  grayish  black  when  containing  much  iron.  Streak 
grayish  black. 

Comp. — Snlpharsenide  of  cobalt,  CoAsS  or  CoS,.CoAs,  =  Sulphur  19*3, 
arsenic  45*2,  cobalt  35*5  =  100. 
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Iron  is  preseDt,  and  in  the  vt^r\e\y  fei'rocobaliiie  in  large  amount. 

Pyr.,  etc. — Unaltered  iu  the  closed  tube.  In  the  open  tube  gives  sulphurous  fumei^ 
and  a  crystalline  sublimate  of  arsenic  tiioxide.  B.B.  on  charcoal  gives  off  sulphur  and 
arsenic,  and  fuses  to  a  magnetic  globule;  Tvith  horux  a  cobalt-blue  color.  Soluble  in  warm 
nitric  acid,  with  the  separation  oi  sulphur. 

Obs. — Occurs  at  Tunabcrg  and  Uakausb5  in  Sweden;  at  the  Nordraark  mines;  also  at 
Skutterud  in  Norway;  at  Schladuiing,  Styriu;  Siegen  in  Westphalia;  Botallack  mine,  near 
St.  Just,  in  Cornwull;  Ehetri  mines,  Rajputana,  India. 

Oersdorffite.  Sulpharsenide  of  nickel.  NiAsS  or  NiS,.NiAs,.  Iron,  and  sometimes 
cobalt,  replace  more  or  less  of  the  nickel.  Isometric-pyriiohedral:  usually  massive. 
H.  =  5*5.  G.  =  5  6-6  2  Color  silver- white  to  steel-gniy.  From  Loos,  Sweden;  the  Hiirs; 
Schladmiug,  Siyria,  etc. 

Oorynite  is  near  gersdorffite,  but  contains  also  antimony.     From  Olsa,  Carinthin. 

Willyamite.  CoSs-NiSsCoSbiNiSb*.  Cleavage  cubic.  Color  tin-white  to  steel-gray. 
Broken  Hill  mines,  New  Soutb  Wales. 

Ullmannite.  Sulpliuntimonide  of  nickel,  NiSbS  or  NiSs.NiSb* ;  arsenic  is  usually 
present  in  small  amount.  Isometric-tetartohednil;  both  ])yritohedral  and  tetrahedral  forms 
occur  (see  Figs.  146,  147.  p.  51).  Usually  massive,  granular.  H.  =  5-5 -6.  G.  =  6  2-6*7. 
Color  steel-gray  to  silver-white.  Occurs  in  the  mines  of  Freusburg,  Nassau:  Sieueuj 
Prussia;  LOlllug,  Carinthia  (tetrahedral);   Montenarba,  Surnibus,  Sardinia  (pyritohedrai), 

Kallilite.  Wismuiliautimounickelglanz  Geim.  Ni  Sb.Bi)S  or  NiS«.Ni(Sb.Bi)t. 
Massive,  color  light  bluish  gray.  From  the  Friedrich  mine  near  SchDnstein  a.  d.  Sieg, 
Gernumy. 

Sperrylite.  Platinum  diarsenide,  PtAsj.  In  minute  cubes,  or  cubo-octahedrons. 
H.  =  6-7.  G.  =  10-602.  Luster  metallic.  Color  tin-white.  Streak  black.  Found  at  the 
Vermillion  mine,  22  miles  west  of  Sudbury,  Ontario,  Canada;  also  in  Macon  Co., 
N.  Carolina.     This  is  the  only  known  native  compound  of  platinum. 

Ijaurite.  Sulphide  of  ruthenium  and  osmium,  probably  essentially  RuS«.  In  minute 
octahedrons;  in  gniins.  H.  =  7*5.  G.  =  6*99.  Luster  metallic.  Color  dark  iron-black. 
From  the  platinum  washings  of  Borneo.     Also  reported  from  Oregon. 

Skuttemdite.  Cobalt  ar>^;nide,  CoA^a.  Isometric  pyiitohedral  Also  massive 
granular.  Cleavage:  a  distinct.  H.  =6.  G.  =  6*72-6*86.  Color  between  tin-white  and 
pale  lead-gray.     From  Skutterud.  Norway. 

NiCKEL-SKUTTBRUDiTE.  (Ni,Co,Fe)As».  Massivc,  granular.  Color  gray.  From  near 
Silver  City.  New  Mexico. 

BiBMUTO-sMALTiTB.  Co(As.Bi)a.  A  skuttcrudite  containing  bismuth.  Color  tin- 
white.     G.  =  6  92.     Zschorlau,  near  Schneebcrg. 

Marcasite  Group. 

For  the  list  of  species  and  their  relations,  see  p.  299. 

MAROASITB.     White  iron  pyrites. 
Orthorhombic.     Axes  a  :h:d  =  0-7662  :  1  :  1-2342. 

mm'",  110  A  110  =    74'  55'.  ll\  Oil  A  Oil  =  101"  68*. 

e^,       101  A  101  =  116*  20'.  «.  001  a  HI  =    63'  46'. 

Twins:  tw.  pi.  vi  (Fig.  619),  sometimes  in  stellate  fivelings  (Fig.  406,  p. 
128,  cf.  Fig.  620);  also  tw.  pi.  e  (101),  less  common  the  crystals  crossing  at 
angles  of  nearly  60**.  Crystals  commonly  tabular  |  c,  also  pyramidal;  the 
brachydomes  striated  J  edge  b/c.  Often  massive;  in  stalactites;  also  globular, 
reniform,  and  other  imitative  shapes. 

Cleavage:  m  rather  distinct;  /  (Oil)  in  traces.  Fracture  uneven.  Brittle. 
H.  =  6-6-5.  G.  =  4-85-4'90.  Luster  metallic.  Color  pale  bronze-yellow, 
deepening  on  exposure.     Streak  grayish  or  brownish  black.     Opaque. 

Comp.— Iron  disulphide,  like  pyrite,  FeS,  =  Sulphur  53-4,  iron  46-6  =  100. 
Arsenic  is  sometimes  present  in  small  amount. 
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Var.— The  varlettes  named  depend  mainly  on  State  of  cry^tullizatiiui.  Itadialed 
{Blia/iikia  Germ  ):  Radiated;  also  the  simple  cryataU.  (Joekteotnb  F.  iKnmmkiet  Oeni).): 
-AggtegiiilouB  of  EKlieiiud  Iwiu  uryalaU  In  creat-llke  Fanne.  Npeur  P.  (Spt«rkie»  Qetm.): 
Twiu  crystiils,  witli  rc-uiiieriiig  iiugles  a  lilile  like  tbe  bead  oF  a  spiar  lu  fiirm.  Capiilar]f 
(Hanrkiii  Qenn.):  In  capillary  crys^alliziilions. 

Pyr,,  oto.— Like  p>  riiL-.     Very  linbie  lo  liecumposiliuri,  mure  so  Ibsti  pyrile. 

B^— KesemUes  pyrile.  but  bns  :i  lower  Kptcilic  gravity,  and  tlie  rulur  wben  fresb  ie.g. 
after  irfalinenl  niili  nciil)  i'  pak-r;  wLi'n  ci^slnilizi'd  eiislly  dislii^guiBlied  by  tile  roroi't. 
More  Biibjoct  to  laruisb  nod  tiual  dec ompoitllioii  Ibnii  uyiite. 

Oba.— Occurs  iibundaiitly  nt  LittmiiK  ami  Alrsnilell.  near  Carl alwd  lu  Bolirmiai  also  at 

Joacbiiiiatbul,  ISuliemiu.  tind  in  tSaxony  and  iliu  Hitrz.     Oci'urs  wiib  gnk-Dii  and  tliiorllB  in 

Derbyebire;  id  cballi  iimr)  beiween  FolkeetODU  aud  Dofer;  near  Alston  Moor,  Ciimberlaud; 

618.  619. 


Commou  Farm. 


Galena.  Dl. 


Folkestone. 


Sliladming,  etc. 


ScliemnilE.  Hungary.     At  Warwick,   N.  Y.,   lu  crystals;  massive  at  Ciimmlngton,  Haas., 

and  at  Laae's  mine.  Monroe,  Conti.:  at  Gali'ua,  III.,  In  siataclites  wiili  couceniric  layeraof 
■pbaleriCe  and  galeoa;  Mineral  Point,  Wis.,  in  flue  crystidv;  on  splialerlte  at  Jopliii,  Uo. 

The  word  marciuUt.  of  Anibic  or  Moorish  origin  (and  variously  used  by  old  writers,  for 
bismutll,  antlmotiy),  was  Ibc  name  of  common  cryatalllzi'd  pyrlte  nmong  minrrs  and 
mineraloglstB  In  later  centuries,  uutil  near  tlie  close  of  tbe  last.  It  was  first  given  lo  this 
species  by  Haidiuger  In  1B45. 

Ij)illiiiglt«.  Essenliallyiron  dinrsenlde,  FeAsi,  but  passing  Into  FeiAs,  (teueopyriU); 
aiao  tending  toward  arsenopyrite  (FcAs8}anii  sufflorlte  (CoAs,),  liisniutb  and  aiitiiiioiiT 
are  soinelimes  present.  Usually  miisslve.  il.  =  5-6-5.  G.  =  7'0-7-4  chiefly,  nl«>«-8. 
Luster  metallic.  Color  between  silver-white  and  sieel-gray.  Birenk  gniylali  black. 
Occurs  in  llie  Wlllne-Hllllenbiirg  district  in  Carlntbla;  with  Diccoliia  at  ScTiladi  " 
lu  tliu  U   S..  Inlllngite  orciirs  In  Ouimlsnii  Co..  Colorado,  e 

Ubtbhitb  la  near  lOllliigile,  but  conlaina  sulpbur;  from  Gtyer.  Sikxony. 

ARSBNOF ITHITB ,  or  Mibpickbi. 
Orthorhombio.     Axes  a:h:i  =  0-CT73 
mm-.  110  A  110  =    68'  IS'. 
«■,        101  A  iOl  =  130°  38. 
liu",      014  A  014  -    88°    .T. 
nn',      013  A  013  =    61'  26'. 
jj'.       Oil  A  oil  =    69°  SC. 
TwiuB:    tw.    pi.     JH,    Bometimea    re- 
peated like  marcttsite  (Fig.  407,  p.  128); 
e"  (101)   cruciform   twiiia,    also    trillings 
(Figs.  403,  403,  p.    ViS].     Cirstals  pris- 
matic m,  or  flattened   vertically   by   tlie 
oscillatory  combination   of  brachydomcB. 
Alao  colnmDar,  Gtraigiit,  and   divergent; 
■  grannlar,  or  compact. 

Cleavage:  m  rather  distinct;  c  in  faint  traces.    Fracture  uneven.     Brittle. 
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H.  =  5*5-6.     G.  —  5  •9-6*2.      Luster  metallic.     Color  silver-white,  inclining 
to  steel-gray.     Streak  dark  grayish  black.     Opaque. 

Comp.,  Var.— Sulpharsenide  of  iron,  FeAsS  or  FeS,.FeAs,  =  Arsenic  46*0, 
sulphur  19*7,  iron  34*3  =  100.  Part  of  the  iron  is  sometimes  replaced  by 
cobalt,  as  in  the  variety  danaite  (3  to  9  p.  c.  Co). 


:.,  etc. — In  the  closed  tube  at  first  gives  a  red  sublimate  of  ai-senic  trisulpbide,  then 
a  black  lustrous  sublimate  of  metallic  arsenic,  lu  tbe  oi)eii  tube  gives  sulphurous  fumes 
and  a  white  sublimate  of  arsenic  trioxide.  B.B.  on  charcoal  gives  arsenical  fumes  and  a 
magnetic  glol)ule.  The  varieties  couinining  cobalt  give,  after  the  arsenic  has  been  roasted 
off,  a  blue  color  with  borax-glass  when  fused  iu  O.F.  with  successive  portious  of  flux  until 
all  the  iron  is  oxidized.  Gives  fire  with  steel,  emitting  an  alliaceous  odor.  Decomposed 
by  nitric  acid  wiih  the  separation  of  sulphur. 

Diff.— Characterized  by  its  hnnlness  and  tin-white  color;  closely  resembles  some  of  the 
sulphides  and  arseuidfs  of  cobalt  and  nickel,  but  identified,  in  most  cases  easily,  by  its 
blowpipe  characters.    LOllinglte  docs  not  give  a  decided  sulphur  reaction. 

Oi>s. — Found  principally  in  crystalline  rocks,  its  usual  mineral  associates  being  ores  of 
silver,  lead,  and  tin,  also  pyrite,  chalcopyrite,  and  sphalerite.  Abundant  at  Freiberg,  etc, 
in  Saxony;  Reichenstein,  Silesia,  iu  serpentine:  \\\  beds  at  Breitenbrunn,  Andrcaslerg, 
Joachimsthal ;  Tunaborg.  Sweden;  Skutterud,  Norway;  at  several  points  iu  Coniwall. 

In  the  U.  8.,  in  N.  Hampshire,  in  gneiss,  at  Francouia  (danaite).  In  Maine,  at  Blue 
Hill,  etc.  In  Conn.,  at  Chatham;  at  Mine  Uill,  Koxbury,  with  siderhe.  In  N.  York, 
massive,  in  Lewis,  £«sex  Co  ,  with  hornblende;  near  Edenville,  and  elsewhere  in  Omnge 
Co.  In  California,  Nevada  Co.,  Grass  valley.  In  crystals  at  St.  Fi'an9ois,  BeauceCo., 
Quebec:  large  beds  occur  iu  quartz  ore  veins  at  Deloro,  Hastings  Co.,  Ontario,  where  it  is 
niined  for  gold. 

The  name  mispickel  is  an  old  German  term  of  doubtful  origin.  Danaite  is  from 
J.  Freeman  Dana  of  Boston  (1703-1827),  who  made  known  the  Frauconia  locality: 

Safflorite.  Like  smaltitc,  csscTitially  cobalt  diarsenide.  CoAs,.  Form  near  that  of 
arsenopyrite.  Usually  massive.  H.  =  4*5-5.  Q.  =  6*9-7'3.  Color  tin-white,  soon  tar- 
nishing.   From  Schneeberg,  Saxony;  Bieber,  Hesse;  Wittichen,  Baden;  Tunaberg,  Sweden. 

Rammelsbergite.  Essentially  nickel  diarsenide,  NiAs*,  like  chloiuithite.  Crystals 
resembling  arsenopyrite;  also  massive.  G.  =  6*9-7'2.  Color  tiu-white  with  tinge  of  red. 
Occurs  at  Schneeberg  and  at  Riechelsdorf. 

Olaucodot.  Sulpharsenide  of  cobalt  and  iron,  (Co,Fe)AsS.  In  orthorhombic  crystals 
(axes.  etc..  p.  299).  Also  massive.  H  =  5.  G.  =  6-90-6  01.  Luster  metallic  C«»lor 
erayish  tin-white.  Occurs  in  the  province  of  Huasco,  Chili;  at  HakausbO,  Sweden. 
Named  from  yXavtcdi,  blue,  because  used  for  making  smalt. 

AUocIasite.  Probably  essentially  Co(As.Bi)S  with  cobalt  in  part  replaced  by  iron;  or 
a  glaucodot  containing  bismuth.  Commonly  in  columnar  to  hemispherical  aggregates. 
H.  =  4-5.     G.  =  6*6.     Color  steel-gny.     From  Orawiiza. 

Wolfachite.  Probably  Ni(A8,Sb)S,  near  corynite.  In  small  crvstals  resembling 
arsenopyrite:  also  columnar  radiated.  H.  =  4*5-5.  G.  =6*872.  Color  silver-whita  to 
tin-white.    From  Wolfach,  Baden. 


The  following  species  are  tellurides  of  gold,  silver,  etc. 

8YLVANITI!.     Graphic  Tellurium.    Schrift-Tcllur  Oerm, 

MonoclinJc.  a:i:d=  1-6339  :  1  :  1-1265;  /3  =  89°  35'.  Often  in  branch- 
ing  arborescent  forms  resembling  written  characters;  also  bladed  and  imper- 
fectly  columnar  to  p:ranular. 

Cleavage:  ^  perfect.  Fracture  nneven.  Brittle.  H.  =  1-5-2.  G.  =  7-9- 
8-3.  Luster  metallic,  brilliant.  Color  and  streak  pure  steel-gray  to  silver- 
white,  inclininfif  to  yellow. 

Comp.— Telluride  of  gold  and  silver  fAu,Ag)Te,  with  Au  :  Ag  =  1  :  1; 
this  requires:  Tellurium  62*1,  gold  24-5,  silver  13*4  =  100. 
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etc.~Iii  the  open  tube  gives  h  white  aublimaie  of  tellurium  dioxide  which  n 
the  assuy  is  gray;  wheu  treiued  wiih  the  blowpipe  Hame  the  Bubliuiate  fuses  to  clear  iraua- 
parent  drops.  B.B.  on  charcoal  fuses  to  a  durk  gray  globule,  covering  the  coal  with  a 
white  coating,  which  treated  in  H.F.  disup^K^ars,  giving  a  bluish-green  color  to  the  tlame; 
lifter  long  blowing  a  yellow,  malleable  metallic  globule  is  obtained.  Most  varieties  give  a 
faint  coating  of  lead  oxide  and  antimony  oxide  on  charcoal. 

Obs — With  gold,  at  Offcnb&nya,  Transylvania;  also  at  Nagyag.  In  California,  Cala- 
veras Co.,  at  the  Melones  and  Stanislaus  mines.  In  Boulder  Co.,  and  elsewhere  in  Colorado. 
Named  from  Transylvania,  where  firat  found,  and  in  allusion  to  sylwtnium,  one  of  the 
names  at  flrat  proposed  for  the  metal  tellurium. 

Krennerite.  A  telluride  of  gold  and  silver  (Au.Ag)Tet  like  sylvanite.  In  prismatic 
crystals  (orthorhombic),  vertically  striated.  G.  =  8*353.  Color  silver- white  to  braaa- 
yellow.     From  Nagydg,  Transylvania;  Cripple  Creek  Colorado. 

Calayerite.  a  gold-silver  telluride.  Like  sylvanite  (Au,Ag)Tes  with  Au  :  Ag  =; 
6 :  1  or  7  : 1.  Massive.  H.  =  2'5.  G.  =  0048.  Color  pale  bronze-yellow.  Occura  with 
petzite  at  the  Stanislaus  mine,  Calaveras  county,  California.  Also  at  the  Red  Cloud  and 
other  mines,  Colorado. 

Calaverite  has  the  same  general  formula  as  sylvanite  but  a  much  higher  percentage  of 
gold,  and  may  belong  with  it;  or,  as  seems  probable,  krennerite  may  be  the  crystallized 
form  of  calaverite. 

Nagyagite.  A  sulpho-telluride  of  lead  and  gold ;  containing  also  about  7  p.  c. 
of  antimony.  Orthorhombic.  Crystals  tabular  \b;  also  granular  massive,  foliated. 
Cleavage:  b  perfect;  flexible.  H.  =  1-1  5.  G.  =  6-85-7'2.  Luster  metallic,  splendent. 
Streak  and  color  blackish  lead-gray.  Opaque.  From  Nagydg,  Transylvania;  and  ai 
Oflenb&nya.    Reported  from  Colorado. 

Oxysiilphides. 

Here  are  included  Kermesite,  Sb,S,0,  and  Voltzite,  Zn^S.O. 

Kermesite.  Antimonblende,  Rothspiessglanzerz  Oerm.  Pyrostibite.  Antimony  oxy- 
Bulphide,  SbjSiO  or  28ba8i.Sb,0,.  Monoclinic.  Usually  in  tufts  of  capillary  crystals. 
Cleavage:  a  perfect.     H.  =  1-1  5.     G.  =  4  5-4-6.     Luster  adamantine.     Color  cherry-red. 

Results  from  the  alteration  of  stibnite.  Occurs  at  Malarzka.  Hungary;  Brftunsdorf, 
Saxony;  Allemont,  Duuphine.  At  South  Ham,  Wolfe  Co.,  Quebec,  Canada;  with  native 
antimony  and  stibnite  at  the  Prince  William  mine,  York  Co.,  New  Brunswick. 

Named  from  kermes,  a  name  given  (from  the  Persian  qurmizq  crimson)  in  the  older 
chemistry  to  red  amorphous  antimony  trisulphide,  often  mixed  with  antimony  trioxide. 

Voltsite.  Zinc  oxysulphide,  ZnftS40  or  4ZnS.ZnO.  In  implanted  spherical  globules; 
H.  =  4-45.  G.  =  8*66-8*80.  Color  dirty  rose-red.  yellowish.  Occurs  at  Rosi^res.  Puy 
de  Ddme;  Joachimsthal;  Marienberg.  Saxony  (UberbUnde). 
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m.  SniiFHO-SAIiTS. 

I.  Sulpharsenites,  Sulphantimonites,  Sulphobismuthites. 
n.  Sulpharsenates,  SulphoBtannates,  etc. 


I.  Sulpharsenites,  Sulphantimonites,  etc. 

In  these  Biilpho-salts,  as  further  explained  on  p.  248^  sulphur  takes  the 
place  of  the  oxygen  in  the  commoner  and  better  understood  oxygen  acids  (as 
carbonic  acid,  H,CO„  sulphuric  acid,  H,SO^,  phosphoric  acid,  H,rO^,  etc.). 

The  species  included  are  salts  of  the  sulpho-acids  of  trivalent  arsenic^ 
antimony  and  bismuth.  The  most  important  acids  are  the  ortho-acids, 
H.AsS,,  etc.,  and  the  meta-acids,  H,AsS„  etc.;  but  H^As,S^,  etc.,  and  a  series 
of  others  are  included.  The  metals  present  as  bases  are  chiefly  copper,  silver, 
lead  ;  also  zinc,  mercury,  iron,  rarely  others  (as  Ni,  Co)  in  small  amount.  In 
view  of  the  hypothetical  character  of  many  of  the  acids  whose  salts  are  here 
represented,  there  is  a  certain  advantage,  for  the  sake  of  comparison,  in  writing 
the  composition  after  the  dualistic  method,  RS.As^S,,  2RS.As,S3,  etc. 

As  a  large  part  of  the  fifty  species  here  included  are  rare  and  hence  to  be 
mentioned  but  briefly,  the  classification  can  be  only  partially  developed.  The 
divisions  under  the  first  and  more  important  section  of  sulpharsenites,  etc., 
with  the  prominent  species  under  each,  are  as  follows : 


A.  Acidic  Division. 


RS  :  (As,Sb,Bi),S,  =  1  :  2,  2  :  3,  3  :  4,  4  :  5. 


B.  Meta-  Division.  RS  :  (As,Sb,Bi),S,  =  1:1. 

General  formula:        RAs,S„RSb,S„RBi,S,. 


Zinkenite 
Sartorite 
Also 
Miargyrite 


Zinkenite  Group. 

PbS.Sb.S,  Emplectite  Cu,S.Bi,S, 

PbS.As,S,  Chaloostibite         Cu.S.Sb.S,,  etc 


Ag,S.Sb,S, 


Chaloostibite 
Lorandite 


Tl,S.As,S. 


C.  Intermediate  Division.        RS  :  (As,Sb,Bi),S.  =  5  :  4,  3  :  2,  2  : 1,  5  :  2. 


Here  belong 
Plagionite  5PbS.4Sb,S,. 


Schirmerite 
Binnite 


3(Ag.,Pb)S.2Bi.S. 
3Cu,S.2As,S, 


Klaprotholite 
Warrenite 


Jamesonite  Group. 

2PbS.Sb,S,  CosaUte 

2PbS.As,S, 

Also  Freieslebenite  5(Ag„Pb)S.2Sb,S.  Boolangerite 


Jamesonite 
Doftenoysite 


3Cu,S.2Bi,S.,  etc. 
3PbS.2Sb,S, 


2PbS.Bi,S„  etc. 


5PbS.2S,S, 


8ULPH0-8ALT8.  307 

D.  Ortho-  Division.  RS  :  (A8,Sb,Bi) A  =  3:1. 

General  formula:  R.A8Ss,R,SbS,;    B,A8,S^R,Sb,S^  etc 

Boumouite  Group. 

Bournonite  3(Cu„Pb)S.Sb,S,  Wittiohenite  3Cu,S.Bi,S, 

Aikinite  3(Pb,Cu,)S.Bi,S.  LiUianite  3PbS.Bi,S.,  etc. 

Pyrargyrite  Group. 

Pyrargyrite  3Ag,S.Sb,S,  Proustite  3Ag,S.A8,S, 

E.  Basic  Division.        RS  :  (A8,Sb,Bi),S,  =  4  : 1,  5  : 1,  6  :  1,  9  :  1, 12  :  L 

Tetrahedrite  Group* 
Tetrahedrite  4Cu,S.Sb,S,  Tennantite  40u.S.A8,S, 

Jordauite  Group. 

Jordanite  4PbS.A8,S,  Meneghinite  4PbS.Sb,S, 

Also 
Oeocronite  5PbS.Sb,S,  Stephanite  5Ag,S.Sb,S, 

KUbrickenite  6PbS.Sb,S,  Boogerite  GPbS.Bi.S, 

Polybasite  Group. 

Polybasite  9Ag,S.Sb,S,  Pearceite  9Ag,S.A8,S, 

Poly  argyrite  12  Ag,S.  Sb.S, 


A.  Acidic  Division. 


Livingstonite.     HgS.2Sb,S,.     Resembles  stiboite  in  form.    Color  lend-gray;   streak 
red.    H  =  3     G.  =  4-81.     From  Huitzaco,  Mexico. 

OhiviaUte     2PbS.3B!,S,.     Foliated  nmssive.     Color  lead-gray.     From  Chiviato,  Peru. 

Ouprobismutite.     Probably  8Cu,S.4B!«St,  in  part  argentiferous.    Resembles  bismuth- 
iuite.    G.  =  6-8-0 -7.    From  Hall  valley.  Park  Co.,  Colorado. 

Rezbanyite.    4PbS.5Bi,S,.    Fine-granular,  massive.    Color  lead-gray.    O.  =  6*1-6*4. 
From  Rezbanya,  Hungary. 


B.  Meta-  Division.    RSAs.S.,  RS.Sb,S„ etc. 

Ziukenite  Group.     Orthorhombic. 

ZUfKCNITB.     Bleiantimonglanz  (7«rm.     Ziuckenite. 

Orthorhombic.  Axes  d  :  h:  6-=  0-5575  :  1  :  0*6353.  Crystals  seldom  dis- 
tinct; sometimes  in  nearly  hexagonal  forms  through  twinning.  Lateral  faces 
longitudinally  striated.     Also  columnar,  fibrous,  massive. 

Cleavage  not  distinct.  Fracture  slightly  uneven.  H,  =  3-3*5.  6.  =  5*30- 
5*35.    Luster  metallic.     Color  and  streak  steel-gray.     Opaque. 
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Comp.— PbSb.S,  or  PbS.Sb.S,  =  Sulphur  23-3,  antimony  41-8,  lead  35-9  = 
100.    Arsenic  sometimes  replaces  part  oi  the  antimony. 

P3rr.,  etc. — Decrepitutes  and  fuses  very  easily:  iu  the  closed  tube  gives  a  faint  sobli- 
male  of  sulphur,  aud  antimony  irisulphide.  Id  the  open  tube  sulphurous  fumes  and  a 
white  subliuiate  of  oi^ide  of  aDtimooy ;  the  arseuical  variety  gives  also  arsenical  fumes.  On 
charcoal  is  almost  entirely  volatilized,  giving  a  coating  which  on  the  outer  edge  is  white, 
and  uear  the  assay  dark  yellow;  with  soda  iu  R.F.  yields  globules  of  lead.  Soluble  in  hoi 
hydrochloric  acid  with  evolution  of  hydrogen  sulphide  and  separation  of  lead  chloride  on 
cooliug. 

Obs.— Occurs  at  Wolfsberg  in  the  Harz;  Kinzigthal,  Baden;  Sevier  County,  Arkansas; 
San  Juan  Co.,  Colorado. 

Andorite.  Ag9S.2PbS.8SbtSa.  Id  prismatic,  orthorhombic  crystals.  Color  dark  gray 
to  black.     From  FelsObauya.     Webnerite  and  Sundtite  beloDg  here. 

Sartorite.  Skleroklas  Gisrm,  PbS  As«Sa.  Iu  slender,  striated  crystals.  O.  =  5'898. 
Color  dark  lead-gray.     Occurs  ia  the  dolomite  of  the  BiDUCDthal. 

Emplectite.  Kupferwismuthglaoz  Geifn.  Cu,S.Bi,Sa.  In  thin  striated  prisms. 
Q.  =  6  d-6'5.  Color  grayish  white  to  tin-white.  Occurs  in  quartz  at  Schwarzenbei^  and 
Annaberg,  Saxony. 

Ohalcostibite.  Wolfsbergite.  Kupferantimonglanz  (7^fn.  Cu,S.Sb,S,.  In  small  aggre- 
gated prisms;  also  fine  granular,  massive.  G.  =  4*75-5*0.  Color  between  lead-gray  and 
iron-gray.     From  Wolfsberg  In  the  Harz.     Otujat-ite  from  Spain  is  the  same  species. 

OalenobiBmutite.  PbS.Bi,Ss;  also  with  Ag.Cu.  Crystalline  columnar  to  compact. 
Color  lead-gray  lo  ilii-white.  G.  =  6*9.  From  l«(uidmark,  Swedea;  Puughkeepsie  Oulch, 
Colorado  (alaskaits,  argentiferous);  FaluD,  Sweden  (seleniferous). 

Berthierite.  ProbablvFeS.Sb.Sa.  Fibrous  massive,  granular.  G.  =  4*0.  Color  dark 
steel-gray.    From  Chazelles  and  Martouret,  Auvergne;  Brftunsdorf,  Saxony,  etc. 

Matildite.  AsTtS.Bi^Sa.  In  sleoder,  prismatic  crystals.  G.  =  6'9  Color  gray. 
From  Morochoca,  Peru;  Lake  City,  Colorado.  Plena bgtkitb,  from  Schapbach,  Baaeo» 
Las  probably  the  same  composition  and  may  be  identical. 

Miargyrite.  Ag,S.Sb,St.  In  complex  monoclinic  crystals,  also  massive.  H.  =  2-2*6. 
G.  =  5*1-5  80.  Luster  metallic-adamantine.  Color  iron-black  to  steel-gray,  in  thin  splin- 
tsrs  deep  blood-red.  Streak  cherry-red.  From  BrEunsdorf,  Saxony;  FelsOb&nya;  PHbram, 
Bohemia;  Clausthal.  etc. 

Iiorandite.  A  sulpharsenide  of  thallium,  TlAsS,.  MoDoclinic.  Color  cochineal- red. 
From  Allchur,  Macedonia. 


C.  Intermediate  Division. 


Plagionite.  Perhaps  5PbS.4SH,Ss.  Crystals  thick  tabular,  monoclinic;  also  massive, 
granular  to  compact.     G.  =  54.     Color  blackish  lead-gray.    From  Wolfsberg,  etc. 

Schirmerite.  3(A!r,.Pb)S.2BI,S,.  Massive,  granular.  G.  =  6*74.  Color  kad-gray. 
Treasury  lode,  Park  Co.,  Colorado. 

Klaprotholito.  SCu.S  Bi,S,.  In  furrowed  prismatic  crystals.  G.  =  4*6.  CokNr  steel- 
gray.     Wittichen,  BndcD. 

Binnite.  Perhaps  8Cu,S. 2 As^Ss.  Isometric- tetrahedral;  also  massive.  G.sb  4*477. 
Color  dark  steel-gray  to  iron-black.     From  the  dolomite  of  the  Biuneuthal. 

Warrenite.  Domingite.  8PS.2Sb,Ss.  In  wool-like  aggregates  of  acicular  ciystals. 
Color  grayish  black.     Gunnison  Co.,  Colorado. 


Jamesouite  Groupo      2ES.As,S,,  2RS.Sb,S„  etc.      Orthorhombic.      Pris- 
matic angle  about  80°. 

JAMBSONXTB. 

Orthorhombic.  Axes:  (i  :  h  =  0-8915  :  1.  mm"'  =  78°  40'.  In  aciciilar 
crystals;  common  in  capillary  lorms;  also  fibrous  massive,  parallel  or  divergent; 
compact  massive. 
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Cleavage :  basal^  perfect;  b,  m  less  so.  Fracture  nneven  to  conchoidal. 
Brittle.  H.  =  2-3.  O.  =  5*5-6*0.  Luster  metallic.  Color  steel-gray  to  dark 
lead-gray.     Streak  grayish  black.     Opaque. 

Comp Pb,Sb,S.  or 2PbS.Sb,S,  =  Sulphur  19*7, antimony  295, lead  50*8  = 

100.  Most  varieties  show  a  little  iron  (1  to  3  p.  c),  and  some  contain  also 
silver,  copper,  and  zinc. 

P3rr. — Same  as  for  zinkenite.  p.  807. 

Obs. — Occurs  priucipally  in  Cornwall ;  also  Id  Siberia;  Hungary;  at  Valentia d'AIcantara 
in  Spaiu;  at  the  autiiuoDy  mines  in  Sevier  Co.,  Arkansas.  Named  after  Prof.  Koliert 
Jameson  of  Edinburgh  (1774-1854). 

The  feaVier  ore  (P^ererz  Qerm.)  occurs  at  Wolfsberg,  etc.,  in  the  Harz;  Freiberg, 
Schemnitz;  in  Tuscany,  near  Bottino. 

I>nfrenoysite.  2PbS.A8s8t.  In  highly  modified  orthorhombic  crystals;  also  massive. 
Cleavage:  e  perfect.  H.  =  8.  G.  =  5*55-5*57.  Color  blackish  lead-gray.  From  the  Bin- 
nenthuT,  Switzerland,  in  dolomite. 

Ratbite.    a  sulpharsenite  of  lead  resembling  dufrenoysite.    From  the  Binnenthal. 

Oosalite.  2PbS.Bi,8t.  Usually  massive,  fibrous  or  radiated.  Q.  =  6'89-6'75.  Color 
lead-  or  steel-gray.  Cosala,  Province  of  Sinaloa,  Mexico;  Bjelke  mine  (bjeUcUe),  Nord- 
mark,  Sweden;  Colorado. 


Kobellite.    2PbS.(Bi.Sb),8a.    Fibrous  radiated  or  granular  massive.    O.  =  6*8.    Color 
lead-gray  to  steel-gray.     From  Hvena,  Sweden;  Ouray,  Colorado. 

Brongniardite.    PbS.  Ag^S.SbsSt.    In  isometric  octahedrons  and  massive.    G.  =  5*950. 
Color  gniyish  black.     Froui  Mexico. 

8«mseyite.    Near  jamesonite,   perhaps  7PbS.8Sba8t.      lu   small  tabular   monoclinic 
CTysinls.    G.  =  5*95.     Color  gray.     From  FelsOb&nya,  Hungary. 

Schapbachite.    PhS.Ag«B.Bi«St.    In  acicular  crystals  and  granular  massive.     G.  = 
6*48.    Color  lead-gray.     From  Schapbach,  Baden. 


FRXHEBIiBBBNITZ]. 

Monoclinic.  Axes  a:i:6^  0-5871  :  1  :  0*9277;  ft  =  87**  46'.  Habit  prig, 
matic.  O.  =  6  2-6*4.  Laster  metallic.  Color  and  streak  light  steel-gray 
inclining  to  silver-white,  also  to  blackish  lead-^ay. 

Comp.— (Pb,Ag,).Sb,S    or  5(Pb,AgJS.2Sb,S,. 

Obs. -From  iht*  HiinmelsfUrst  mine,  at  Freiberg,  Saxony;  Eapnik.  Hungary;  FelsO- 
b&nya;  Hiendeleiiciua,  Spuiu;  also  from  the  Augusta  Mt.,  Gunnison  Co.,  Colorado. 

Diaphorite.  Like  freieslebenite  in  composition  but  orthorhombic  in  form.  G.  =  5*9. 
From  Pfibram,  Bohemia.  ^T^ 

BOULANOBRTTB. 

Orthorhombic.  In  crystalline  plumose  masses;  granular,  compact.  H.  = 
2*5-3.  G.  =  5-75-6'0.  Luster  metallic.  Color  bluisn  lead-gray;  often  covered 
with  vellow  spots  from  oxidation.     Opaque. 

Comp.— Pb.Sb,S„  or  5PbS.2Sb,S,  =  Sulphur  18-9,  antimony  25*7,  lead 
55-4  =  100. 

Pyr. — Snme  as  for  zinkenite,  p.  307. 

Obs.— Moli^res,  Depart,  da  Gard.  France;  at  Nerchinsk;  Wolfsberg  in  the  Harz; 
Pfibnim.  Bohemia:  neiir  Bottino.  Tuscany;  Echo  District,  Union  countv,  Nevada. 

BmbrWiiU  and  plumboBtib  are  from  Nerchinsk;  they  correspond  nearly  to  10PbS.88btSa, 
but  the  material  analyzed  may  not  have  been  quite  pure. 
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D.  Ortho-  Division.    SRS.As.S,,  3RS.Sb,S„  etc. 
Boamonite  Group.     Orthorhombic.     Prismatic  angle  86^  to  87^ 

BOURNONTTXI.     Rftdelerz  Germ,    Wheel  Ore. 
Orthorhombic.     Axes :  d:h:d=:  0-9380  :  1  :  0-8969. 


mm"\ 

110 

A 

110 

=: 

86- 

20' 

CO, 

001 

A 

101 

•3- 

43** 

43 

624. 

en,  001  A  Oil 
CM,  001  A  112 


41-53' 
33'  16' 


626. 


626. 


Harz. 


Nagyag. 


Ka^nik. 


Twins:  tw.  pi.  m,  often  repeated,  forming  crnciform  and  wheel  slmped 
crystals.     Also  massive;  granular,  compact 

Cleavage:  b  imperfect;  a,  c  less  distinct.  Fracture  subconchoidal  to  uneven. 
Rather  brittle.  H.  =  3*5-3.  G.  =  5  7-5*9.  Luster  metallic,  brilliant.  Color 
and  streak  steel-gray,  inclining  to  blackish  lead-gray  or  iron-black.     Opsique. 

Coinp.-(Pb,Cu,),Sb,S.  or  3(Pb,Cu,)S.Sb,S.  =  PbCuSbS,  (if  Pb  :  Cu,  = 
2:1)  =  Sulphur  19  8,  antimony  24*7,  lead  43  5,  copper  13*0  =  100. 

P3rr.,  etc. — lu  ibe  closed  tube  decrepitates,  and  irives  a  dark  red  subliinute.  In  the  open 
tube  gives  sulphur  dioxide,  and  a  white  sublimate  of  oxide  of  nutimony.  B.B.  on  charcoal 
fuses  easily,  and  at  tirst  coats  the  coul  white;  continued  blowing  gives  a  yellow  coating  of 
lead  oxide;  the  residue,  treated  with  soda  in  R.F.,  gives  a  globule  of  copper.  Decomposed 
by  nitric  acid,  affording  a  blue  solution,  and  leaving  a  residue  of  sulphur,  and  a  white 
pov\der  containing  antimony  and  lead. 

Obi. — From  Neudorf  in  the  Harz;  also  Wolf sberg,  Clnustbnl,  and  Andreasberg;  PHbram, 
Bohemia;  Kapnik,  Hungary;  Endel  lion  at  Wheal  Boys,  Cornwall;  in  Mexico;  HuascoAlto, 
Chili. 

In  the  U.  S..  at  the  Boggs  mine,  Yavapai  Co.,  Arizona;  also  Montgomery  Co.,  Arkansas; 
reported  from  San  Juan  Co..  Colorado.  In  Canada,  in  the  township  of  Marmora,  Haatinga 
Co.,  and  Darlinir.  Lanark  Co..  Ontario. 

Aikinite  3(Pb.Cu,)S.Bi,S8.  Aciculnr  crystals;  also  massive.  G.  =  61-6*8.  Color 
blackish  lead-gray.     From  Burezov  near  Ekaterinburg,  Urals. 

Wiltichenite.  3CuaS.BisSa.  Rarely  in  crystals  r(>scmbling  boumonite;  also  massive. 
G.  =  4*6.     Color  steel-gray  or  tin-white.     Wit  lichen,  Baden,  etc. 

Stylot3rpite.  3(Cu,,Ag9,Fe)S.Sl)9S3.  In  orthorhombic  ciystals,  in  cruciform  twins  like 
boumonite.    G.  =  4*79.     Color  iron -black.     Copiapo,  Chili. 


LiUlanite.     8Pb8.BiSbSs  and  8PbS.BiaSs.     Massive,   crystalline.     Color  steel-gray. 
Hvena.  Sweden;  Leadville,  Colorado  (argentiferous). 

Ouitermanite.     Perhaps  BPbS.As^Sa.     Massive,  compact.     G.  =  5*94.     Color  bluish 
gray.     Zufii  mine,  Silverton.  Colorado. 

Tapalpite.     A  sulphotel  uride 'of  bisiiuith  and  silver,  perhaps  3Ag9(S,Te).Bit(S,Te)t. 
Massive,  granular.    G.  =  7'80.    Sierra  de  Tapalpa,  Jalisco,  Mexico. 
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Pyrargyrite  Group.     Rhombohedral-hemimorphic. 


Ruby  Silver  Ore.    Dark  Red  Silver  Ore.     Dunkles  RotbgUUigerz, 
AQtimoDsilberbleude  Qerm, 

Ehombohedral-hemimorphic.    Axis:  d  =  0  7892;  0001  A  lOll  =  42^20i'. 


ee\   0112  A  1012  =  42*  6' 
rr\   1011  A  1101  =  71' 22' 

627. 


628. 


wf,  2l8l  A  2:U1  =  74"  25' 
wr,  2l8l  A  8121  =  85'  12' 

629. 


Crystals  commonly  prismatic.  Twins:  tw.  pi.  a,  very  common,  the  axes  6 
parallel;  u  (1014),  also  common.     Also  massive,  compact. 

Cleavage:  r  distinct;  « imperfect.  Fracture  conclioidal  to  uneven.  Brittle. 
H.  =  2  5.  G.  =  5  77-586;  5*85  if  pure.  Luster  metallic-adamantine.  Color 
black  to  grayish  black,  by  transmitted  light  deep  red.  Streak  purplish  red. 
Nearly  opaque,  but  transparent  in  very  thin  splinters.  Optically  —.  Refractive 
indices,  oo  =  3*084,  e  =  2-881  Fizeau. 

Comp.— Ag3SbS,  or  3Ag,S  Sb^S,  =  Sulphur  178,  antimony  22-3,  silver  59*9 
=  100.     Some  varieties  contain  small  amounts  of  arsenic. 

Pjnr.,  etc. — In  the  closed  tube  fuses  mid  gives  a  reddish  sublimate  of  antimony  oxysul- 
phide;  in  the  open  tube  sulphurous  fumes  and  a  while  sublimate  of  oxide  of  antimony. 
B.B.  on  charcoal  fuses  witli  spirting  to  a  globule,  cnnts  the  coal  while,  and  the  assay  is 
converted  into  silver  sulpiiide,  whieh.  treated  in  O.F.,  or  with  soda  in  K.F.,  gives  a  g]ol)ule 
of  silver.  In  case  arsenic  \»  present  it  ma}'  be  detected  by  fusing  the  pulverized  mineral 
with  soda  on  chnn-oiil  in  R.F.  Decomposed  by  nitric  acid  with  the  separation  of  sulphur 
and  of  antimony  trioxide. 

Obs.— Occurs  at  Andreasbe^g  in  the  Harz:  Freiberg,  Saxony:  Pribram,  Bohemia; 
Sehemnitz,  etc.,  Hungary;  Kongsberg,  Norway;  Gaudalcanal,  8i»ain:  in  Cornwall.  In 
Mexico  it  is  worked  at  Guanajuato  and  elsewhere  as  an  ore  of  silver.  In  Chili  with  proust* 
ite  at  Chafiarcillo  near  Copiapo. 

In  Colonulo.  not  uncommon;  thus  in  Ruby  district,  Gunnison  Co.:  with  sphalerite  in 
Sneffle's  distr  .  Ouray  Co.,  etc  In  Nevada,  at  Washoe  in  Daney  Mine;  about  Austin, 
Reese  river;  at  Pool  man  lode.  Idaho,  in  masses  with  cerargyrite.  In  New  Mexico,  Utah, 
and  Arizona  wiih  silver  ores  at  various  points. 

Named  from  nv ft,  fire,  and  a/jyvfjoi,  silver,  in  allusion  to  the  color. 

PROUSTITXI.  Ruby  Silver  Ore.  Light  Red  Silver  Ore.  Lichtes  RothgUltigerz. 
Arsensilberblende  Qerm, 

Rhombohedral-hemimorphic.     Axis  6  =  08039;  0001  AlOll  =  42^  52'. 

ee',  0112  A  1012  =  42**  46'  W.  2lSl  A  2311  =  74*  W 

rr\  1011  A  ilOl  =  72*  12'  w^  2l3l  a  8121  =  85*  18* 

Crystals  often  acute  rhombohedral  or  scaleuohedral.  Twins:  tw.  pi. 
u  (10l4)  and  r.    Also  massive,  compact. 
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Cleavage:  r  distinct.  Fracture  conchoidal  to  uneven.  Brittle.  H.  =  2-2*5. 
G.  =  5-57-5*64;  5*57  if  pure.  Luster  adamantine.  Color  scarlet-vermilion; 
streak  same^  also  inclined  to  aurora-red.  Transparent  to  translucent.  Op- 
tically negative.     Double  refraction  strong,     a?,  =  2*979. 

Comp. — AgjAsS,  or  3Ag,S.As,S,  =  Sulphur  19*4,  arsenic  15*2,  silver  65-4 
=  100. 

l^yr,,  etc. — In  the  closed  tube  fuses  easily,  aud  gives  a  faint  sublimate  of  arsenic  tri- 
sulpbide;  in  the  open  tube  sulphurous  fumes  aud  a  white  crystalline  sublimate  of  arsenic 
trioxide.  B.B.  ou  charcoal  fuses  and  emits  odors  of  sulphur  and  arsenic;  with  soda  in 
R.F.  gives  a  globule  of  silver.     Decomposed  by  nitric  acid,  with  separation  of  sulphur. 

Ob8.^>ccur8  at  Freiberg,  Johunugeorgenstudt,  etc.,  in  Saxony;  Joachimsthal,  Bohemia; 
Chalunciies  in  Dauphiue;  Guadalcanal  iu  Spain;  in  Mexico;  Peru;  Chili,  at  Chafiarcillo  in 
magniticeut  crystallizutious. 

In  Culorado,  Ruby  distr.,  Gunnison  Co.;  Sheridan  mine.  San  Miguel  Co.;  Yankee  Oirl 
mine,  Oumy  Co.  In  Arizona,  with  silver  ores  at  various  points.  In  Nevada,  in  the  Daney 
mine,  and  in  Comstock  lode,  rare;  Idaho,  at  the  Poornian  lode. 

Named  after  the  French  chemist,  J.  L.  Proust  (1755-1826). 

Sangninite.  Near  proustite  in  composition.  In  glittering  scales,  hexagonal  or  rhombo- 
hedral.     From  Chafiarcillo,  Chili. 

Falkenha3rnite.  Perhaps  SCutS.SbtSs.  Massive,  resembling  galena.  From  Joachhna- 
thal,  Bohemia. 

PyrostUpnite.  Like  pyrargyrite,  8AgtS  SbtSt.  In  tufts  of  slender  (monoclinic)  ciya- 
tals.    G.  =4*25.    Color  hyacinth-red.    From  Andreasbsrg  in  the  Harz;  Freiberg;  PHbram. 

Ritting«rite.  Contains  arsenic,  selenium,  and  silver.  In  small  tabular  crystals. 
G.  =  6*68.  Color  blackish  brown  to  iron  black;  hyacinth-red  by  transmitted  light  btreak 
orange-yellow.    From  Chafiarcillo,  Chili. 


E.  Basic  Division. 

Tetrahedrite  Group.     Isometric-tetrahedral. 

TXSTRAHEDRITB.     Gray  Copper  Ore.     Fahlcrz  Germ. 

Isometric-tetrahedral.  Habit  tetrahedral.  Twins:  tw.  pi.  o;  also  with 
parallel  axes  (Fig.  354,  p.  121,  Fig.  370,  p.  124).  Also  massive;  granalar, 
coarse  or  fine;  compact. 
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Cleavage  none.  Fracture  subconchoidal  to  uneven.  Rather  brittle. 
H.  =  3-4.  G.  =  4-4-51.  Luster  metallic,  often  splendent.  Color  between 
flint  gray  and  iron-black.  Streak  like  color,  sometimes  inclining  to  brown 
and  cherry-red.  Opaque;  sometimes  subtranslncent  (cherry-red)  m  very  thin 
splinters. 

Comp.,  Tar,— Essentially  Cu.Sb.S,  or  4Cu,S.Sb,S,  =  Sulphur  23-1,  anti- 
mouy  24 '8,  copper  52*1  =  100. 
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AntimoDy  and  arscDic  are  usually  both  present  and  thus  tetrahedrite  graduates  iuto  the 
allied  species  tenuautite.  There  are  aJso  varieties  coutainiDg  bismuth,  chietly  at  the 
arsenical  end  of  the  series.  Further  the  copper  may  be  replaced  by  iron,  ziuc,  silver, 
mercury,  lead,  and  rarely  cobalt  and  nickel. 

Var. — Ordinary,  Contains  little  or  no  silver.  Color  steel-gray  to  dark  gray  and  Irou- 
black.    G.  =  4  75-4*9. 

Argent(ferau$;  Freibergite,  Weissgiltigerz  Qerm,  Contains  8  to  80  p.  c.  of  silver.  Color 
usually  steel-gray,  lighter  than  the  ordinary  varieties;  sometimes  iron-black;  streak  often 
reddish.    G.  =  4-85-5-0. 

Mercurial;  ikhwaUiU,  Contains  6  to  17  p.  c.  of  mercury.  Color  dark  gray  to  iron- 
black.     Luster  often  dull.    G.  =  5*10  chietly. 

Malinowskiie,  from  Peru  and  a  similar  variety  from  Arizona,  contain  18-16  p.  c.  of  lead. 

Tyr,,  etc. — Differ  in  the  different  varieties.  In  the  closed  tube  all  the  antimonial  kinds 
fuse  and  give  a  dark  red  sublimate  of  antimony  oxysulphide;  if  much  arsenic  is  present,  a 
sublimate  of  arsenic  trisulphide  first  forms.  In  the  open  tube  fuses,  gives  sulphurous  fumea 
and  a  white  sublimate  of  antimony  oxide:  if  arsenic  is  present,  a  crystalline  volatile  subli- 
mate condenses  with  the  antimony;  if  the  ore  contains  mercury  it  condenses  in  minute 
metallic  globules.  B.B.  on  charcoal  fuses,  gives  a  coating  of  the  oxides  of  antimony  and 
sometimes  arsenic,  zinc,  and  lead;  arsenic  is  detected  by  the  odor  when  the  coating  is  treated 
in  R.F.  The  roasted  miueral  gives  with  the  fluxes  reactions  for  iron  and  copper;  with  soda 
yields  a  globule  of  metallic  copper.  Decomposed  by  nitric  acid,  yviih  separation  of  sulphur 
and  antimony  trioxide. 

DifL — Distinguished  by  its  form,  when  crystallized,  by  its  deep  black  color  on  fracture 
and  brilliant  metiillic  luster.  It  is  harder  than  bournoiiite  and  much  softer  than  magnetite; 
the  blowpipe  characters  are  usually  distinctive. 

Obs.— Often  associated  with  clialcop^rite,  pyrite,  sphalerite,  galena,  and  various  other 
silver,  lead,  and  copper  ores;  also  sidente.  Occurs  at  many  Cornish  mines;  thus  at  the 
Herodsfoot  mine,  Liskeard.  in  tetrahedral  crystals  often  coated  with  iridescent  chalc-opyrite; 
the  Levant  mine  near  St.  Just.  From  Andrensberg  and  Cluusthal  in  the  Harz;  Freiberg, 
Saxony;  Dillenburg  and  Horhausen  in  Nassau;  at  Mtlsen;  various  miues  in  the  Black 
Forest;  Pfibram.  Bohemia;  Ko^el  near  Brixleffgin  Tyrol;  Enpnik,  Herrengrund,  Hungary. 
In  Mexico,  at  Durango.  Guanajuato;  Chili;  Bolivia,  etc.  The  argentrfeiovi  variety  occura 
especially  at  Freiberg;  Pfibram;  Iluallanca  in  Peru,  and  elsewhere.  1  be  mfreurial  vtirieiy 
at  Schm5lnitz.  Hungary;  SSchwatz,  Tyrol;   valleys  of  Angina  and  Castello,  Tuscany. 

In  the  U.  B  ,  tetrahedrite  occurs  at  the  Kellogg  mines,  Arkansas.  In  Colorado,  in  Clear 
Creek  and  Summit  Cos.;  the  Ulay  mine,  Lake  Co.;  with  pyrargyrite  in  Ruby  district, 
Gunnison  Co.,  etc.  Much  of  the  Colorado  *'grav  copper"  Is  teuuantite  (see  below).  In 
Nevada,  abundant  in  Humboldt  Co.;  near  Austin  in  Laoder  Co.;  Isabella  mine,  Reese 
river.     In  Arizona  at  the  Heintzelman  mine;  at  various  points  in  British  Columbia. 

TENNANTTTB. 

Isometric-tetrahedral.  Crystals  often  dodecahedral.  Also  massive,  com- 
pact.    H.  =  3-4.     G.  =  4'37-4'49.     Color  blackish  lead-gray  to  iron-black. 

Comp. — Essentially  Cu.As.S,  or  4Cu,S.As,S,  =  Sulphur  25*5,  arsenic  17'0,. 
copper  575  =  100. 

Var.— Often  contains  antimony  and  thus  gradimtes  into  tetrahedrite.  The  original  ten- 
nantite  from  Cornwall  contains  only  copper  and  iron.     In  cr}'Stals,  habit  dodecahedral. 

Sandbergerite.  KupferbUnde  Oerm.,  contains  7  p.  c.  of  zinc.  FredridU  from  Sweden  has, 
besides  copper,  also  iron,  lend,  silver,  and  tin. 

Found  at  the  Cornish  mines,  particularly  at  Wlieal  Jewel  in  Gwennap,  and  Wheal  Unitv 
in  Gwinear:  at  Freil>er<r  (ICupfer blende);  at  the  Wilhelmine  mine  in  the  Spessart:  Skutterud,. 
Norway.  Near  Central  City  and  elsewhere  in  Colorado.  At  Capelton,  Pr.  Quebec,  Canada. 
Named  after  the  chemist,  Smithson  Tennant  (1761-1815).     See  further  above. 


Jordanite.  4PbS.A8sSs.  Monoclinic:  often  pseudohexagonal  by  twinning.  G.  =  6  89. 
Color  lead-jjray.     From  the  Binnenthal;  Nagydg,  Transylvania. 

Meneghlnite.  4PhS.SbsSt.  Orthorhombic.  In  slender  prismatic  crystals;  also  inpa«>ive. 
G.  -=  6  34-6-43.  Color  blackish  lead-gray.  From  Botlino,  Tuscany;  Marble  Luke,  Bairie 
ownship,  Ontario. 
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8TBPHANITB.     Melaoglanz  Owm,    Brittle  Silver  Ore. 
Orthorhombic.     Axes  df :  5  :  (5  =  0-6292  :  1  :  0  6851. 

w»m'",  110  A  110  =  64'  21'  «i.  001  A  091  =  W  52' 
cfi,  001  A  101  =  47'  26'  M.  001  A  112  =  83*  45' 
ck,        001  A  Oil  =  34'  25'       cP,  001  A  HI  =  52"    V 

Crystals  usually  short  prismatic  or  tabular  ||  k.   Twins: 
tw.   pi.    m,    often    repeated,    pseudo- hexagonal.     Also 
massive,  compact  and  disseminated. 
Cleavage:  ft,  cf  imperfect.    Fracture  snbconchoidal  to  uneven.    Brittle     H. 
=  '^-2*5.  G.  =  6*2-6'3.  Luster  metallic.   Color  and  streak  iron-black.  Opaque. 

Comp Ag.SbS,  or  5Ag,8.Sb,S,  =  Sulphur  16  3,  antimony  15*2,  silver  68-5 

=  100. 

Pyr. — In  the  closed  tulie  (lecivpiintes,  fuses,  und  after  long  beating  gives  a  faint 
suhliinnte  of  antimony  oxysulphide.  In  the  open  tul>e  fuses,  giving  oif  antimonial  and 
sulphurous  funics.  B  B.  on  charcoal  fuses  with  projection  of  small  particles,  coats  the  coal 
with  oxidu  of  antimony,  which  after  long  blowing  is  colored  red  from  oxidized  silver,  and 
a  globule  of  metallic  silver  is  obtained.  Soluble  iu  dilute  heated  nitric  acid,  sulphur  and 
antimony  trioxide  being  deposited. 

Obs.— In  veins,  with  other  silver  ores,  at  Freiberg,  Schnceberg,  etc.,  in  Saxony;  Pfibt*am, 
Bohemia;  Schemnitz.  Hungary;  Andreasberg  in  the  Uarz;  Kongsberg,  14orway;  Wheal 
Newton.  Cornwall;  Mexico;  Peru;  Chafiarcillo,  Chili. 

In  Nevada,  in  the  Comstock  lode,  Reese  river,  etc.  In  Idaho,  at  the  silver  mines  at 
Yankee  Fork,  Queen's  Kiver  district. 

Named  after  the  Atchduke  Stephan,  Mining  Director  of  Austria. 

Gfreooronite.  5PbS.SbtSs.  Rarely  in  orthorhombic  crystals;  usually  massive,  granular. 
G.  =  6*4.     Color  lead-gray.     From  Sala,  Sweden,  etc. 


Beegerite.     6PbS.BiaSa.    Massive,  indistinctly  crystallized.    G.  =  7*27.    Color  light  to 
dark  gniy.     FroraJ*ark  Co.,  Colorado. 

Eilbrickenite.     Perhaps  6PbS.SbsS».     Massive.     G.  =  6*41.    Color  lead-gray.    From 
Eilbricken,  Co.  Clare,  Ireland. 


Polybasite  Group.     9RS,.As,S,,  9RS.Sb,S,.      Monoclinic,  pseudo- 

rhombohedral. 

POLTBASITB.     SprOdglaserz.  Eugenglanz  Qerm. 

Monoclinic.  Axes  h\i\h=  1-7309  :  1  :  1*5796,  /?  =  90**  0'.  Prismatic 
angle  60°  2'.  In  short  six-sided  tabular  prisms,  with  beveled  edges;  c  faces  with 
triangular  striations;  in  part  repeated  twins,  tw.  pi.  m. 

Cleavage:  c  imperfect.  Fracture  uneven.  11.  =  2-3.  G.  =  6  0-6'2. 
Luster  metallic.  Color  iron-black,  in  thin  splinters  cherry-red.  Streak  black. 
Nearly  opaque. 

Comp.— Ag.SbS,  or  9Ag,S.Sb,S,  =  Sulphur  15*0,  antimony  9*4,  silver  75-6 
=  100.    Part  of  the  silver  is  replaced  by  copper;  also  the  arsenic  by  antimony. 

Pyr.,  etc. — In  the  open  tube  fuses,  gives  sulphurous  and  antimonial  fumes,  tbe  latter 
forming  a  white  sublimate,  sometimes  mixed  witli  crystalline  arsenic  trioxide.  B.B.  fuses 
with  spirting  to  a  globule,  gives  off  sulphur  (sometimes  arsenic),  and  coats  the  coal  with 
antimony  trioxide;  with  long-continued  blowing  some  varieties  give  a  faint  yellowish-white 
coaling  of  zinc  oxide,  and  a  metallic  globule,  which  with  salt  of  phosphorus  reacts  for 
copper,  and  cupelled  with  lead  gives  pure  silver.     Decomposed  by  nitric  acid. 

Obs.— Occurs  in  the  mines  of  Guanajuato,  Mexico;  at  Tret  Puntos,  desert  of  Atacama; 
at  Freiberg  and  Pfibram.  In  Nevada,  at  the  Reese  mines  and  at  the  Comstock  Lode.  Iu 
Colorado,  at  the  Terrible  Lode,  Clear  Creek  Co.    Id  Arizona,  at  the  Silver  King  miue. 
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Named  from  xoXt^S,  manyf  and  fidati,  hose,  in  alludon  to  the  basic  character  of  the 
compound. 

Pearoeite.    QAgtS.AstSt.    Monoclinic,  pseudo-rhombohedral.   From  AspeD,  Colorado; 
Marysville,  Lewis  and  Clarke  Co.,  Montana. 


Polyarg3rrite.     12AfftS.SbtSt.    In  indistinct  isometric  crystals.     G.  =6*97.     Color 
iron-black.    Wolfach,  Saden. 


n.  Sulpharsenates,  Sulphantimonates ;  Sulpho-stannates,  etc. 

Here  are  included  a  few  minerals,  chiefly  sulpho-salts  of  quautivalent 
arsenic  and  antimony;  also  several  sulpho-stannates  and  rare  sulpho-germau- 
ates. 

BNARGITXS. 

Orthorhombic.     Axes:  dihii  —  0-8711  :  1  :  0'8248. 

Crystals  usaally  small;  prismatic  faces  vertically  striated.  Twins:  tw.  pi. 
X  (320)  in  star-shaped  trillings.    Also  massive,  granular,  or  columnar. 

Cleavage:  m  perfect;  a,  b  distinct;  c  indistinct.  Fracture  uneven.  Brittle^ 
H.  =  3.  G.  =  4'43-4'45.  Luster  metallic.  Color  grayish  black  to  iron-black. 
Streak  grayish  black.     Opaque. 

Comp. — Cu,AsS^  or  3Cu,S.A8,S^  =  Sulphur  32*6,  arsenic  19*1,  copper  48  3 
=  100.     Antimony  is  often  present,  cf.  famatinite. 

Pyr. — In  the  ciosid  tube  decrepitates,  aud  gives  a  sublimate  of  sulphur;  at  a  higher 
terapernture  fuses,  and  ^ives  n  sublimiite  of  sulphide  of  nrsenic.  In  the  open  tube,  hented 
gently,  the  powdered  mnieml  gives  off  sulphurous  nod  nrseuical  fumes,  the  latter  cf)udensing 
to  a  Kubli unite  coutaining  some  aniimouy  oxide.  B.B.  on  charcoal  fuses,  and  gives  a 
faint  coiitini:^  of  the  oxides  of  nrseuic,  antimony,  aud  zinc;  the  roasted  mineral  with  the 
fluxes  gives  a  globule  of  metiillic  copper.     Soluble  in  aqua  regiu. 

Obs  —  From  Morococlia.  Cordilleras  of  Peru;  in  Chili  and  Argentina;  Mexico;  Matzen- 
knpfl,  Brixlegg.  Tyrol;  Mancnynn.  island  of  Luzon. 

In  the  U.  S.,  :it  brewer's  gold  mine,  Chesterfield  dfst.,  S.  Carolina;  in  Colorado,  at 
mines  near  Ccnti-al  City.  Oilpin  Co.;  in  Park  Co.,  at  the  Missouri  mine,  etc.  In  southern 
Utah;  nlso  in  the  Tintic  district;  n<^flr  Butte,  Montana. 

Clarite.     Perhaps  identical  with  enargite.     From  the  Clara  mine,  Schapbach.  Baden. 

LuzoNiTB.  Composition  of  enargite,  but  supposed  to  differ  in  crystallization.  Massive. 
O.  =  4*4J.     Color  steel-gray.     From  the  island  of  Luzon. 

Famatinite.  8CuaS.Sb,Sft.  i  omorphoun  with  enargite.  G.  =  4*57.  Color  gray  with 
tinge  of  copper-red.     From  the  Sierra  de  Famatina,  Argentina. 


Xanthoconite.— 8A£;tS.As,Sft.    In  thin  tabular  rhombohedral  crystals;  also  massive, 
reniform.     G.  =  5.     Color  orange-yellow.     From  Freiberg. 

Epiboulang^erite. — 8PbS.Sb,St.     In  striated  prismatic  needles  and  granular.     G.  =  6*31. 
Color  dark  bluish^gray  to  black.     From  Altenberg. 

Epigenite.— Perhaps  4Cu^S.8FeS.As,St.      In  short   prisms  resembling  arsenopyrite. 
Color  steel-gray.    From  Wittichen,  Baden. 


STANNmi.     Tin  Pyrites.     Bell-metal  Ore.     Zinnkies  Germ. 

Isometric-tetrahedral.     Massive,  granular,  and  disseminated. 

Cleavage:  cubic,  indistinct.  Fracture  uneven.  Brittle.  H.  =  4.  G.  =  4*3- 
4*522;  4-506  Zinnwald.  Luster  metallic.  Streak  blackish.  Color  steel-gray 
to  iron-black,  the  former  when  pure;  sometimes  a  bluish  tarnish;  often  yellow- 
ish from  the  presence  of  chalcopyrite.     Opaque. 
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CoHp. — A  solpho-staDnate  of  copper,  iron  and  sometimes  zinc,  Ca,FeSnS« 
or  Cu.S.FeS.SnS,  =  Sulphur  299,  tin  2T-5,  copper  29*5,  iron  13-1  =  100. 

IPyr.^  etc. — In  the  clooed  tube  decrepitates,  and  gives  a  faint  sablimate;  in  tbe  open 
tube  sulphurous  fumes.  B.B.  uu  charcoal  fuses  to  a  globule,  wuicb  in  O  F.  gives  off 
sulphur,  and  coats  the  comI  with  tin  dioxide;  the  roasted  mineral  treated  with  borax  gives 
reactions  for  iron  and  copper.  Decomposed  by  nitric  acid,  affording  a  blue  soIutioD,  with 
sepunition  of  sulphur  and  tin  dioxide. 

Obs. — Formerly  found  at  Wheal  Rock.  Cornwall;  and  at  Cam  Brea:  more  recently  in 
gninite  at  St.  Michael'^  Mount;  also  at  Steuna  Gwynn.  etc.;  at  the  Cronebane  mine,  Co. 
nicklow.  in  Ireland:  Ziuuwald,  in  tbe  Erzgebirge.     From  the  Black  Hills,  So.  Dakota. 

Argyrodite.  A  silver  sulpho-germanate.  AgkGcSc  or  4Ag«S.6eS,.  Isometric,  crystals 
usually  indistinct:  also  massive,  compact.  H.  =  2*5.  G.  =  6*065-6*111.  Luster  iretallic 
Color  steel-gray  on  a  fresh  fracture,  with  a  tinge  of  red  turning  to  violet.  From  the 
HimmelsfQrst  mine.  Freiberg.  Saxony. 

Oanfieldite.  Ag»SnS«  or  4Ag,S.SnS^  the  tin  in  part  replaced  by  germanium.  Isometric, 
perhaps  tetrahedral;  in  octahedrons  with  cf  (110).  G.  =  6*28.  Luster  metjdiic  Color  black. 
La  Paz.  Bolivia. 

Franckeite.  Perhaps  Pb»8b,SntSi,,  Groth.  Massive.  G.  =  5*55.  Color  blackish 
gray  to  black.    Bolivia. 

Oylindrite.  Eylindrite.  Perhaps  Pb«Sb,Sn«S„.  Groth.  H.  =  8-5-&  G.  s  ^'4SL 
Luster  metallic.    Color  blackish  lead-giay.    Poop6,  Bolivia. 
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nr.  HAIiOEDS— CHLORIDES,  BROBUDES,  IODIDES; 

FLUORIDES. 

L  Anhydrous  Chlorides,  Bromides,  Iodides;  Fluorides, 
n.  Oxychlorides ;  Oxyfluorides. 
in.  Hydrous  Chlorides ;  Hydrous  Fluorides. 


The  Fourth  Class  includes  the  haloids,  that  is,  the  compounds  with  the 
halogen  elements,  chlorine,  bromine,  iodine,  and  also  the  less  closely  related 
fluorine. 


L  Anhydrous  Chlorides,  Bromides,  Iodides;  Fluorides. 

CALOMEL.     Horn  Quicksilver.    Chlorquecksilber,  Queckdlberbornerz  O  rm. 

Tetragonal.  Axis  d  =  1-7229;  001  A  101  =  59**  52'.  Crystals  sometimes 
tabular  |  c;  also  pyramidal;  often  highly  complex. 

Cleavage:  a  rather  distinct;  also  r(lll).  Fracture  conchoidal.  Sectile. 
H.  =  1-2.  G.  =  6*482  Haid.  Luster  adamantine.  Color  white,  yellowish 
gray,  or  ash-gray,  also  grayish,  and  yellowish  white,  brown.  Streak  pale 
yellowish  white.     Translucent — subtrauslucent.     Optically  +. 

Comp. — Mercurous  chloride,  Hg^Cl,  =  Chlorine  15*1,  mercury  84*9  =  100. 


r..  etc.— Ill  the  closed  tube  volatilizes  without  fusion,  condensing  in  the  cold  part  of 
the  lube  as  a  white  sublimate;  with  sodu  gives  a  sublimate  of  raetMllic  mercury.  B.B.  on 
charcoal  volatilizes,  coating  the  coal  white.  Insoluble  in  water,  but  dissolved  by  aqua  regia; 
blackens  when  treated  with  alkalies. 

Obs.— Usually  associated  with  cinnabar.  Thus  at  Mosobellanrlsberir  in  the  Palatinate; 
at  Idria  in  Carniola;  Almaden  in  Spain:  at  Mt.  Avala  near  Belcrrade  in  Servia. 

Calomel  is  an  old  term  of  uncertain  origin  and  meaning,  perhaps  from  KaXo^,  b&auiiful, 
and  ;/^/li,  Iioney.  the  taste  being  sweet,  and  the  compound  the  MeretiHui  dtUcU  of  early 
chemistry;  or  from  icaAoS  and  u^Xcx^,  black, 

Nantokite.  Cuprous  chloride,  Cu,Cl  .  Granular,  mnssive.  Cleavage  cubic.  H.  =  2- 
2-6.  G.  =  8-93.  Luster  adamantine.  Colorless  to  white  or  erayish.  From  Nantoko. 
Chili;  New  South  Wales.  *    ^ 

BCaxiOdte.  Cuprous  iodide,  Cu.I,.  Isometric-tetrahedral.  Color  oil-brown.  Broken 
Hill  luhies.  New  bouth  Wales.  _  y^     ^  -7  ^ 


I  I  I 

Halite  Group.     ECl,  BBr,  RI.     Isometric. 

HaUta  NaCl  EmboUte  Ag(Cl,Br) 

flyWte  KCl  Bromyrite  AeBr 

8al  Ammoniac  (NIIJCl  lodobromite  Ag(ClBr,I) 

Corargyrite  AgCl  Miersite  Agl 

The  HALITE  Group  includes  the  halogen  compounds  of  the  closely  related 
metals,  sodium,  potassium,  and  silver,  also  ammonium  (NTT,).  They  crystallize 
in  the  isometric  system,  the  cuhic  form  being  the  most  common.  Sylvite  and 
aal-ammoniac  are  plagihedral,  and  tlie  same  may  be  true  of  tke  others. 
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BALITB.    CoMUON  or  Rock  Salt.    StetnsalE,  BergMlz  Ocrm. 
Isometric.    Usually  in  cubes;  crysUls  sometimes  distorted,  or  with  carern- 
434.  008  faces.     Also   massiTe,  granular  to  compact;    lev 

oft«n  columnar. 

Cleavage:  cubic,  perfect.  Fracture  conchoidal. 
Rather  brittle.  H.  =  2-5.  G.  =  3-1-26;  pure  crystaU 
S'l  35.  Luster  vitreous.  Colorless  or  white,  also  yellow- 
ish, reddish,  bluish,  purplish.  Trauspareut  to  traiielo- 
cent.  Soluble;  taste  a^iue.  Refractive  index  1'5443 
Na.     Highly  diathermauous. 

Comp.— Bodium     chloride,    NaCl  =  Chloriue    39'4, 
Bodinm   CO-6  =  100.     Commonly  mixed   with  calcium 
sulphate,    calcium    chloride,  magnesinm  chloride,  and 
sometimes  magnesium  sulphate,  which  render  it  liable  to  deliquesce. 

Pyr.,  ate —In   iLe   clottd   lube  fuses,  ofteu  wiiii  decrepiiutiou;   wliea  fustd  on  tbe 

EliiIlDum  wire  culorH  ihe  fliiint:  iiecp  yellow.  Addtil  lu  a  «all  of  pliMpbimiH  bewl  wliidi 
u  been  saturated  with  uzide  of  copper,  ll  colore  the  flume  a  deep  azure-blue.  Diwolve* 
readily  lu  tbree  parts  of  water. 

DIB.— DistliigulHbed  by  ju  solubility  (tuBle).  toftuese,  perfect  cubic  cleanse. 

Oba.^Couimou  («lt  iiccurs  iu  exieusive  but  Irreeulnr  beda  iu  rocks  of  various  age*. 
associated  with  fcypsuin.  polylialite,  aoliydrile.  carualTite,  clay,  aamtstoiie.  and  cslclte;  alio 
in  solution  forming  salt  npriags;  simflarljr  iu  llie  water  of  the  octan  and  salt  seas. 

The  priDCipal  salt  iniuea  of  Eurupe  are  at  Slasifurt.  near  Magdeburg;  WIeliccka.  iu 
Poland:  nt  H:ill,  in  Tyrol;  and  along  the  range  through  Heichenthal  in  Bavaria,  Hallein 
iu  Salzburg,  Hallsladt,  Itchl.  and  Ebensee.  lu  Upper  Auairia,  and  Aussee  lu  Styria:  In 
Hiininiry.  "t  Murmoroa  and  elsewlicrc:  TmnsylTanla;  Wnllachla.  Galtciu,  and  Upper 
Si)es<a;  Vic  and  DIeuze  In  France;  VallCT  of  Cardona  and  elsewhere  in  Spnln;  Bvi  tu 
Swllzeriaiid;  and  Noriliwlrh  in  ('hrnhiri:.  ll^ndand.  At  the  Auitriiin  mines,  wliere  It  con- 
Inina  miicb  clay,  the  *alt  is  diasolTcil  in  1ar{^  cliambers.  and  the  clay  thus  preciplinted. 
After  a  time  rhe  water,  miuraied  with  the  stilt,  is  conveyed  by  ngutducls  to  emporating 
housen,  and  the  chambeia.  nfter  being  cleiired  out,  are  again  filled. 

Salt  also  occur*,  forming  bills  and  covering  exrended  pliiius.  near  Lake  Vrumta,  the 
Caaplno  Sea,  em.  In  Alcerin:  In  Abyssinia.  In  Inilia  In  enormoufi  deposits  In  the  Sail 
Ranse  of  llie  Punjab.  In  China  and  Asiatic  Russia;  in  South  America,  in  Peru,  and  at 
Zipaquera  uod  Nemocoo,  tlie  former  a  larce  mine  long  explored  in  ihe  Cordilleras  of  U.  8, 
of  Ciiliimbin:  elenr  aalt  Is  obtained  from  tlie  Cerro  de  Sal,  San  Domingo. 

In  the  United  Btiiles,  suit  lias  been  fciund  in  larfre  nmouni  In  central  and  western  New 
York.  Salt  wells  had  long  been  worked  in  this  region,  bul  rock  snU  Is  now  known  lo  exist 
over  a  Inige  area  from  Itlnicjint  the  hend  of  Cavuca  Lake.  Tompkins  Co..  and  Csnandalgiia 
Lake,  Ontiirio  Co.,  ilirougli  Livingston  Co  ,  niso  Genesee.  Wyoming,  and  Erie  Cos.  The 
■all  is  found  In  l)eda  with  an  uverage  thickness  of  TO  feet,  but  stmielimea  Diucli  ibicker.  and 
at  varying  depllia  from  1000  to  3000  feet  and  more;  Ihe  depth  inerensea  souihwanl  with  the 
dip  of  the  strata.  The  rocks  belong  to  the  Sallna  period  cf  Ihe  Upper  Silurian  Salt  hns 
also  been  found  near  Cleveland,  Ohio,  associaled  with  cvp'iim;  in  WaahlngtOQ  Co.,  Wm* 
Virginia.  In  the  Hr))«ton  and  Kanawha  valleys;  in  Kansas;  at  Petite  Anae.  LouIslaiiM: 
along  the  Rio  Virgin  in  Lincoln  Co..  Nevada,  in  exienslve  tieds  of  grMil  purity:  In  Utah. 
DcarNeplii.  Juab  Co..  and  Snlinn,  Sevier  Co  ;  In  Ari?'.oua,  on  ibe  RIo  Verde,  withlbenard- 
ite   PIC. ;  In  Ciilifomln,  San  Diego  Co. 

Brine  "prlngs  are  very  numerous  in  the  Miiidle  and  W-nteni  Sinles.  Vast  Inkes  of  salt 
water  exist  In  many  part»  of  the  worid.  Tlie  Great  Stilt  Lake  in  Utah  is  2,000 square m flea 
In  iiren:  L.  Gale  found  Iti  Ihls  water  20196  per  cent,  of  aodiiim  chloride.  Tbe  Dnid  auA 
Caspian  seas  iire  salt,  and  the  wntets  of  the  former  contain  20  to  26  paria  of  solid  mailer  la 
100  parts.     Sridium  chloride  is  the  prominent  salt  prewnt  In  tlie  ocean. 

Bnantajaylta.  20NiiCl  +  AgCl.  In  cubic  crvsials  and  as  an  IncruaUllon.  H  =  S, 
not  secllle.     Color  white.     From  Huanlnjaya,  Tarapaca.  Chill. 

STIiVITE. 

Isometric- plagihedral.     Also  in  granular  crystalline  masses  ;  compact. 
Cleavage  :  cubic,  perfect.    Fracture  uneven.    Brittle.    H.  =  2.  G.  =  1"97- 
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1'99.   Luster  vitreous.  Colorless,  white,  bluish  or  yellowish  red  from  inclusions. 
Soluble  ;  taste  resembling  that  of  common  salt,  but  bitter. 

Comp. — Potassium  chloride,  KCl  =  Chlorine  47'6,  potassium  52*4  =  100. 
Sometimes  contains  sodium  chloride. 

P3n^..eto. — B.B.  in  the  platinum  luop  fuses,  and  eives  a  violet  color  to  the  outer 
flame.  Dissolves  completely  m  water.  Healed  with  sulpuuric  acid  gives  off  bydrocliloric 
acid  ghs. 

Om.— Occurs  at  Vesuvius,  about  the  f umaroles  of  the  volcano.  Also  at  Stassfurt;  at 
Leopoldshall  (leapoldik);  ni  Kalusz  in  Qalicia. 

Sal  Ammoniac.  Ammonium  chloride,  NH«C1.  Observed  as  a  white  incrustation 
about  volcanoes,  as  at  Etna,  Vesuvius,  etc. 


Silberhonierz,  Homsilber  Germ.    Horn  Silver. 

Isometric.  Habit  cubic.  Twins:  tw.  pi.  o.  Usually  massive  and  resem- 
bling wax;  sometimes  columnar;  often  in  crusts. 

Cleavage  none.  Fracture  somewhat  conchoidal.  Highly  sectile.  H.  = 
1-1 '5.  6.  =  5*552.  Luster  resinous  to  adamantine.  Color  pearl-gray, 
grayish  green,  whitish  to  colorless,  rarely  violet-blue ;  on  exposure  to  the 
light  turns  violet-brown.  Transparent  to  translucent.  Index,  Wy  =  20611 
Na. 

Comp. — Silver  chloride  =  Chlorine  24*7,  silver  75*3  =  100.  Some  varieties 
contain  mercury.  

P3rr.,  etc.— In  tbe  closed  tube  fuses  without  decomposition.  B.B.  on  charcotfTgives  a 
globule  of  metallic  silver.  Added  to  a  bead  of  salt  of  phosphorus,  previously  saiurattti 
with  oxide  of  copper  and  heated  in  O.F.,  imparts  an  intense  azure  blue  to  the  fiiime. 
Insoluble  in  nitric  acid,  but  soluble  in  ammonia. 

Oba.— Occurs  in  veins  of  clay  slate,  accompanving  other  ores  of  silver,  nud  usually 
only  in  the  higher  parts  of  these  veins.  It  has  also  been  observed  with  ocherous  varieties 
of  bmwn  iron  ore:  also  with  several  copper  ores,  cnlcite,  barite,  etc.;  upon  stibicouite. 

The  largest  masses  are  brought  from  Peru,  Chili,  and  Mexico,  where  it  occurs  with 
native  silver.  Also  once  obtained  from  Johanngeorgenstadt  and  Freiberg:  Andrenslierg 
(earthy  var..  Buttermile7iert)\  occurs  in  the  Altai;  at  Kongsber^iu  Norway:  in  Alsjice. 

In  the  U.  8.,  In  Colorado,  near  Leadville,  Lake  Co.;  near  Breckenridge  Summit  Co., 
nnd  elsewhere.  In  Nevada,  near  Austin,  Lander  Co.;  at  mines  of  Comstock  lode.  In 
Idaho,  at  the  Poorman  mine,  in  crystals;  also  at  various  other  mines.  In  Utah,  in  Beaver, 
Summit  and  Salt  Lake  counties. 

Named  from  Kdpa^,  horn,  and  apyvpo?,  silver. 

EmboUte.  Silver  chloro-bromide.  Ag(Br.Cl).  the  ratio  of  chlorine  to  bromine  varying 
widely.  Usunlly  massive.  Resembles  cerargyrite,  but  color  grayish  green  to  yellowish 
green'and  yellow.    Abundant  in  Chili,  less  so  elsewhere. 

Bromyrite.  Silver  bromide,  AeBr.  G.  =  5'8-6.  Color  bright  yellow  lo  umber^yellow; 
slightly  greenish.     From  Mexico:  Chili:  Huelgoet  in  Brittany. 

lodobromite.  2A2:C1.2AjrBr.  Agl.  Isometric;  o  with  a.  G.  —  5-713.  Color  sulphur- 
yellow,  greenish.     From  near  Dembach,  Nassau. 

Miersite.  Silver  iodide.  Agl,  crystallizing  in  the  iaometric  system  :  probably  tetrahedral 
like  murshite  (p.  317).  In  bright  yellow  crystals  from  the  Broken  Hill  Silver  Mines,  New 
South  Wales. 

Onproiodargyrite.  A  copper-silver  iodide,  occurring  as  a  sulphur-yellow  incrusiaiiou 
at  Huantajaya,  Peru. 

lodyrite.  Silver  iodide,  Agl.  Hexagonalhemimorphic  (Fig.  211,  p.  71);  usually  in 
thin  plates  ;  pale  yellow  or  green.  G.  =  5-6-5'7.  From  Mexico,  Chili,  etc.  Lake  Valley. 
Sierra  Co.,  New  Mexico. 


DESCKIPTITE    illSERAI-OOT. 


Fliiurltv  (iroiip.     UF„KCI,. 

The  BpecieB  here  included  are  I'luorite,  GuF,,  and  the  rare  Hjdrophilite, 
01..     Both  are  iuouietric,  habit  cubic 


J.ue  Bpecitw    uere   luiiiuucu    aic  ^' luu 

CaOl,.     Both  lire  iuouietric,  habit  cubic 

FLUORTTD  or  Fi.UOR  Spak.     Fluasspaib  Qerm. 
<3&.  ff3S. 


Isometric.  Habit  cubic;  less  freqaentl;  octahedral  or  dodecahedral; 
forma ;^ (310),  e  (210)  (fluoroida)  common;  also  the  vicinal  form  C  (331-0?), 
producing  atriations  on  a  (Fig.  C40);  hexoctahedron  ^(431)  also  commoD 
with  the  cube  (Fig.  639).  Cubic  cryatals  Bonietimea  grouped  in  parallel 
position,  tliiis  forming  a  pseudo-octahedron.  Twins:  tw.  pi.  o,  commoni; 
penetration -twins  (Fig,  C40).  Also  massive;  granular,  coarse  or  fine;  rarely 
columnar;  comiiact. 

Cleavage:  o  perfect.  Fracture  Sat-conchoidal :  of  compact  iiinds  splintery. 
Brittle,  ll.  =  4.  G.  =  301-3-25;  3-18  cryat.  Luster  vitreous.  Color  white, 
yellow,  green,  rose-  and  crimson-red,  violet-blue,  skj-blue,  and  brown;  wine- 
yellow,  groeiiiBh  blue,  vioIet-blue,  most  common ;  red,  rare.  Streak  white. 
Transparent— subtranalucent.  Sometimes  shows  &  bluish  fluorescence.  Pboft- 
phorescea  when  heated  (p.  191).     Refractive  index:   ttj  =  1*4339  Na. 

Comp.— Calcium  fluoride,  CaF^  =  Fluorine  489,  calcium  51"1  =  100. 
Chlorine  is  sometimoa  preaent  in  minute  quantities. 

Var, — 1.  Ordinary;  (i)  cleaviible  or  crvsliillized,  very  vnrlous  In  colon;  (b)  flbroni  to 
coltimtiar,  aatliu  Durbysltlru  blue  julia  used  for  vasev  uud  ntlier  oinninenli):  (e|  coiirw  lo  fliM 
gniuulur;  {d)  mrtby,  dull,  aud  soiiietiiiii-B  very  soft.  Chloropliant  yltlils  a  green  pho^ 
ptiorL-iceiit  liglit. 

Pyr.,  sto  — III  Ihe  closeil  lube  decrepibilcts  imd  plinsphorost'es.  B.B,  in  Ilie  forceps  and 
on  clinrcuii)  fuws,  ciilorini.'  1)"-'  fl;iiiie  rei1.  lo  an  enamel  nlilcb  reacU  nlkiUliio  on  tent  pnnar. 
Fused  iu  an  open  tube  willi  fiiM'd  inlt  of  pliosplioriis  gives  Ihe  renctlon  for  fluonM. 
Trenifd  wilb  gnlpburip  acH  glvea  fumes  of  liydnifliioHc  ncid  which  elcli  pinss. 

DM,  — DliitiDguUlicd  liy  Iib  crystiilline  form,  oclaliedra]  cloivnge,  relnllve  toflnenOiS 
compared  will)  ceriaiu  prcriniis  stones,  iilso  wiib  llie  feldspiim);  elcliitig  power  wbeo  treMM 
wUli  liiiipbiiric  acid.     I>oc'S  not  cfferveHce  with  iidd  like  oildle. 

Ob*.  — Soniulimi's  In  bedi,  but  gonerally  in  veins,  in  gneiss,  mica  slnle,  clny  slate,  vmA 
also  In  limesiones.  bolb  cryslalline  nnd  imcrystiilline,  and  gandnloneB.     Often  occuia  ••  Um 

SDguu  at  mrtiillic  ores.  esperUlly  of  lend.     In  tlie  Norlh  iif  En^^laiid,  It  Is  the  gnnitne  of 
1  lead   veins,   whidi   interaerl   tbn   conl   furmailon   in   North umberl and.   i'limberlaiill. 
Durham,  nnd  Yorkshire.     In  Deibysliire  <i  l~  nlmndani.   and  nisii  in  Cornwall,  wlien  Ihe 
veins  intersect  metninor|iiiic  rocks.     The  Ciinibcrhmd  and  Derbvsiiire  localities  caraolally 
"      "    '  '"        -  "  .   -  .     .-  ■;flBeB«M' 


have  afforded  DisguiflcL'ut  speclin 


Common  in  the  mining  district  of  Saxony;  a 
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Eougsberg  in  Norway.    In  the  dolomites  of  St.  Gotbard  occurs  in  piuk  octahedrons. 
Rarely  in  volcuuic  regions,  us  in  the  Vesuviuu  lava. 

Some  localities  in  the  U.  S.  are,  Trumbull,  Coun.  (dilarophane);  Muscolouge  Lake, 
Jeffer»ou  Co.,  N.  Y.,  and  Macomb.  St.  Lawrence  Co..  both  iu  very  large  sea-green  cubes; 
Frauklln  Furuace.  N.  J.;  Amelia  Court  House,  Va.;  Gallatin  Co.,  III.;  St.  Louis,  Mo. 

Hydrophilite.  Chlorocalcite.  Calcium  chloride,  CaClt.  Iu  white  cubic  crystals  or 
as  an  incrustation  at  Vesuvius. 


The  following  are  from  Vesuvius:  Ohloromagnesite,  MgClt ;  Scacchite,  MnCU : 
OhloraUuminite,  AlCU  -f  a;H,0;  Molysite,  FeCls. 

Bellaite.     Magnesium  fluoride,  MgFt.       Iu   prismatic  tetragonal  crystals.     H.  =  5. 
G.  =  2'97-3-15.     Colorless.    From  the  moraine  of  the  Gebrouluz  glacier  in  Savoy. 
Lawrencite.    Ferrous  chloride,  FeCU.     Occurs  iu  meteoric  iron. 

Ootunnita.  Lend  chloride,  PbCU.  In  acicular  crystals  (orihorhombic)  and  in  semi- 
crysta  line  iimsse.^.  Soft.  G*=6'24.  Color  white,  yellowish.  From  Vesuvius;  also 
Tanipnca.  Cbili. 

Tysonite.  Fluoride  of  the  cerium  metals.  (Ce,L!i,Di)Ft.  In  thick  hexagonal  prisms,  aud 
massive.  Cleavage  :  c  perfect.  H  =  4*5-5.  G.  =  ei3.  Color  pale  wax -yellow,  changing 
to  yellowish  and  reddish  brown.     From  the  granite  of  Pike's  Peak,  El  Paso  Co.,  Colorado. 


ORYOLITXS.    Eisstein  Qerm. 
Moiioclinic.    Axes  a  :  t :  d 

mm"',  110  A  liO  =  88'  2'. 
cm,  001  A  110  =  89"  52'. 
w,        001  A  101  =  55'    2^. 


=  0-9663  :  1  :  1-3882  ;  /?  =  89°  49'. 


ck,  001  A  101  =  55"  17'. 
cr.  001  A  Oil  =  54' 14'. 
cp,  001  A  111  =  63'  18*. 
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Crystals  often  cubic  in  aspect  and  grouped  in  parallel 
position;  often  with  twin  lamellae.     Massive,  cleavable. 

Cleavage:  c  most  perfect,  also  tw,  ^  (lOl)  somewhat 
less  so.  Fracture  uneven.  Brittle.  H.  =  2*5.  G.  = 
2*95-3 '0.  Luster  vitreous  to  greasy;  somewhat  pearly 
on  c.  Colorless  to  snow-white,  sometimes  reddish  or 
brownish  to  brick-red  or  even  black.     Transparent  to  translucent. 

Comp.— A  fluoride  of  sodium  and  aluminium,  Na,AlF,  or  3NaF.AlF,  = 
Fluorine  54*4,  aluminium  128,  sodium  3:;^'8  =  100.  A  little  iron  sesquioxide 
is  sometimes  present  as  impurity. 

IPyr.t  etc.— Fusible  in  small  fnigmetits  in  the  flame  of  a  candle.  B.B.  in  the  open  tube 
hcntcd  so  that  the  fl  me  enters  the  lube  gives  off  hydn)tlnoric  acid,  etching  tbe  glass.  In 
the  forceps  fuses  very  easily,  coloring  the  tlnme  yellow.  On  charcoul  fuses  easily  to  a  clear 
beiul,  which  on  cooling  becomes  cpaque;  after  long  blowing,  the  assay  spreads  out,  the 
fluoride  of  sodium  is  absorbed  by  the  coal,  a  suffocating  odor  of  fluorine  is  given  off,  and  a 
crust  of  aluminM  remains,  which,  when  heated  with  cobalt  solution  in  O.F.,  gives  a  blue 
color.     Soluble  In  sulphuric  acid,  with  evolution  of  hydrofluoric  acid. 

Diff. — DisM'tiirnished  by  its  extreme  fusibility,  and  its  yielding  hydrofluoric  acid  in  the 
open  tube.     Alsi  by  its  cleavages  (resembling  cubic  cleavage) and  softness. 

Obs. — Occurs  in  a  bay  in  Arksukflord,  in  West  Greenland,  at  Ivi>;tut  (or  Evigtok). 
about  12  m.  from  the  Danish  settlement  of  Arksuk.  where  it  constitutes  a  large  l^d  in 
a  granitic  vein  iu  a  gray  gneiss.  Cryolite  and  its  alteration  products,  pachuolTte.  thorn- 
senolite,  prosopite,  etc..  also  occur  in  limited  quantity  at  the  southern  base  of  Pike's 
Peak,  El  Paso  county.  Colorado,  north  and  west  of  Saint  Peter's  Dome. 

Named  from  K^t'tt?,  frost  /l/Oo?,  stone,  hence  meaning  ice-stone,  in  allusion  to  the 
translucency  of  the  white  cleavaee  ma«vses. 

Ohiolite.  5NaF.3AIFs.  In  small  pyramidal  crystals  (tetragonal);  also  massive  granu- 
lar. H.  =  3-5-4.  G.  =  2-84-2  90.  Color  snow-white.  From  near  Miask  in  the  Ilmen 
Mts.;  also  with  the  Greenland  cryolite. 

Hieratite  A  fluoride  of  potassium  and  silicon.  In  grayish  stalnctitic  concretions; 
isometric.     From  the  fumaroles  of  the  crater  of  Vulcano. 
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n.    Oxyohloridei,  Oxyflnorldei. 
ATAOAUtlTB. 

Orthorhombic.     Axes  d  :  i :  <!  =  0-6613  :  1  :  0-7515. 


,^^ 


mm".  110  A  JIO  =  66"  67'.     n^".  Ill  A  111  =  53'  iSf. 
al.  Oil  A  Oil  =  TS"  51'.     wr,  110  A  HI  =  36'  1«1'. 
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Commonly  in  Elender  prismatic  crysUla,  vertically  striated.  In 
coiiftised  cryBtulline  uggregatea;  also  mutieivt;,  fibrous  or  granular  to 
(compact;  as  biitkI. 

Cleavage:  6  highly  perfect.  Fracture  eonchoidal.  Brittle.  U. 
=  :)-3  5.  G.  =  3  T5-3-7T,  Luster  adamantine  to  vitreous.  Color 
hright  green  of  various  shades,  diirk  e m erald . green  to  blackish  green. 
Streak  apple-green.      Transparent  to  translucent. 

Comp Cii,CiII,0,  or  UuUI,.3Cu(0Hj,  =  Chlorine  16-6,  copper 

14!t,  ciipric  oxide  55-8,  water  r.i  7  =  lOU. 

Pyr  ,  Btc.— til  Ibe  cliweil  liibe  c.vi-s  off  iiiucli  wmer.  aoii  forms  a  gray  eiiblimHle.  B.B, 
on  cbarcrial  fuses,  coloring  llicO.F.  uzure-lihie.  witli  a  Rreernntiri!.  aiitl  giving  two  coalings, 
iitie  browiiisli  and  tlie  oUilt  {jniyisb  w tiiiu;  eontinuetl  blowiuz  yivlila  »  globulu  of  tuelaMic 
copper;  tlie  contiugs,  loucbtil  wilb  tlie  K.F.,  volutilizu,  coloriug  ibe  flauic  nziire-blue.  In 
acids  easily  soluble 

Obi  — Originnll;  frnm  Atsc:imn  in  the  uortliern  pnrt  of  Cbili;  also  found  elMWbera  in 
Cbill  i<iid  Bolivia;  wiib  tnnliu'bile  iil  Wallaroo  in  8.  Austnilla:  at  8l.  Just  in  Cornwall.  In 
the  U.  S.,  witb  cuprite,  etc.,  at  Ibc  Unltetl  Verde  mine,  Jerumu,  Arizoua. 

FercTllta.  A  londcopper  oxvcliloride,  pertirLpe  PbCuO.HiClt.  In  sltf-blue  cubes.  From 
Boiiora.  Mtxlco;  Atn<'Hin<L;  B  •ifvta,  etc.  BoleiU  frum  Bi>lt».  near  Santa  UoaiilU,  Lower 
Californin.  \a  ii  iiercylite  contnlninga  little  silver.  Cumengile  Utbe  Htttneln  ciyslnls  aiq>eu- 
JMg  lo  be  tetragonal. 

MaUocldte.  Lead  o.tyc bio ritle,  Pb,0C1,.  In  Ubnlar  tetragonal  crysUls.  0.  =  7*21. 
Lu8t«r  adiimtinllnu  lo  peiirly.  Color  yellowisb  or  sligbtly  greenlsb.  Frum  Cromford,  near 
Mntloi^k,  Uerbysblre. 

Msodipite  Pli  O  (71,  or  PliCI,  2PliO.  In  fibrous  or  cnlumoar  niaases:  ofleD  radiated. 
H  =  3  S-8.  Q  =  7-.  1.  Color  wli^te.  From  Ibe  Mendip  Hills,  Bomerselsbire,  Englnud; 
near  Briluu.  Wcstplialla. 

Laurlonlle  PliOIOH  or  PbCI  Pb((>H),  In  minute  prlsmntic  colorless  crysUls  (nrtliO- 
rliombic).  In  nnclcnl  lend  Hlaua  nt  L^iurinii.  Greece.  Fledlarite,  iiwociaied  witb  tnunoolte, 
is  probably  nls.i  a  lead  oxychlorlde;  in  colorless  monocllnlc  crystals. 

Penfialdlte.     Pb.OCl,  or  Pb0.2PbCI,,    lu  wbite  liexagonal  crystals.    La urion,  Greece. 

Davlealte.  A  lend  oiycbloride  of  uncerlnin  compositluD.  In  minute  colorless  prismadc 
crystiila  (ortborbomblc)    from  ilie  Mlna  Beatriz,  Siena  Gordn.  Atiicama. 

SchwartBBmbergit*.  Probably  P1(I  Cl),.2PbO.  In  druses  of  small  ciyslals;  alio  In 
crusts.     G   =  6'2.     Color  h on I'y- yellow.     Desert  of  Atacamii. 

PluocBrit*.  (Ce.LH.Di),OF..  Hexaionnl.  H,  =  4,  G.  =  67-.^D  Color  reddtah 
yellow.     From  O^ierby  in  I>Mlurne,  Sweden. 

Hocarita.  Perlinps  3(CH,ME)F,lCa,Mg)0(7).  In  white  bexoeonal  acicular  crjBUb  from 
bombs  In  the  tufa  of  Nocera,  tlidy. 

DaobrMita.    An  eartby  yellowish  oiycbloride  of  bismuth.    From  Bolivia. 

-T-fr/'h^,,:^^  ~M0>H>t/.,.^<.  '.  or, 

J  '  XW 
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m.  Hydrous  Chlorides,  Hydrous  Fluorides,  etc. 

OARNALUTB. 

Orthorhombic.     Crystals  rare.     Commonly  massive,  granular. 

No  distinct  cleavage.  Fracture  conchoidal.  Brittle.  H.  =  1.  G.  =  1*60. 
Luster  shining,  greasy.  Color  milk-white,  often  reddish.  Transparent  to 
translucent.     Strongly  phosphorescent.     Taste  bitter.     Deliquescent. 

Comp.— KMgCl,.6H,0  or  KCl.MgCl,  +  6H,0  =  Chlorine  38*3,  potassium 
14  1,  magnesium  8*7,  water  39-0  =  100. 

Obs.— Occurs  ut  Siassfurt,  in  beds,  alternatiDg  with  tbiuner  beds  of  common  salt  and 
kiesente. 

DonoLABiTB,  associated  with  carnallite,  is  said  to  be  2ECl.FeC]2.3H,0. 

Bischofite.    MgCl,  -f  SH^O.    Crystalline-granular;  olorless  to  white.    From  Leopolda- 
hall,  Prussia. 

Kremenite.     KCl,NH4Cl.FeCl,  +  H,0.     In  red  octahedrons.     From  Vesuvius. 

ZfaTthrosiderite.     2EC].FeCl,.H,0.     In  red  tabular  crystals.     Vesuvius. 

Tachhydrite.      CaCl,.2MgCl,  +  12H,0.      In  wax-  to   honey-yellow  masses.      From 
Stassfurt. 


Fluellite.  AIFt  +  HtO.  In  colorless  or  white  rhombic  pyramids.  From  Stenna  Gwyn, 
Cornwall. 

Proaopite.  CaF,.2Al(F,0H)$.  In  monoclinic  crystals,  or  granular  massive.  H.  =  4*5. 
G.  =  2*88.  Colorless  while,  grayish.  From  AUenberg,  Saxony;  St.  Peter's  Dome  near 
Pike's  Peak,  Colorado. 

Paohnolite  and  Thomaenolite.  occurring  with  cryolite  in  Greenland  and  Colorado,  have 
the  same  composition,  NaF.CaF,.AlF3  -4-  H,0.  Both  occur  in  monoclinic  prismatic 
crystals;  prismatic  angle  for  pachnolite,  98**  86',  crystals  twins,  orthorhombic  in  aspect.  For 
thomsenolite,  89*"  46',  crystals  often  resembling  cubes  (m,  e).  also  prismatic;  distinguished 
by  its  basal  cleavage;  also  massive. 

Oearksatite.     CaF,.Ai(F.0H)3.II,0.    Earthy,  cUiylike.     Occurs  with  cryolite. 

Ralstonite.  (Na^MgiF,  3A1(F,0H)».2H,0.  In  colorless  to  white,  isometric,  octa- 
hedrons.    H.  =  4-5.     G.  =  2-56-2-62.     With  the  Greenlamd  cryolite. 

Tallingite.  A  hydrated  copper  chloride  from  the  Botallack  mine,  Cornwall;  in  blue 
globular  crusts. 

Footeite.  A  hydrous  oxychloride  of  copper  orcurring  in  deep  blue  prismatic  crystals 
(monoclinic)  at  the  Copper  Queen  mine.  Bisbec,  Arizona. 

Yttrocerite.  (Y.Er,Ce^F».5CaF,.HjO.  Massive-cleavable  to  granular  and  earthy. 
H.  =  4-5.  G.  =  8*4.  Color  violet-blue,  gray,  reddish  brown.  I^m  near  Falun, 
Sweden,  etc. 
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V.  ozisEa 

L  Oxidei  of  Silicon. 
IL  Oxides  of  the  Semi-DIetalB :  Tellnxinm,  Artenio,  Antimony, 
Bismuth ;  also  Molybdenum,  Tungsten. 
m.  Oxides  of  the  Metals. 

The  Fifth  Class,  that  of  the  Oxides,  is  subdivided  ioto  three  sections, 
according  to  tlie  positive  elenieut  present.  The  oxides  of  the  non-metal 
silicon  are  placed  by  tlieinHulves,  but  it  will  be  noted  that  the  compounds  of 
the  related  element  titiniium  ure  included  with  those  of  the  metals  proper. 
This  last  is  made  iiecessitry  by  the  fact  that  in  one  of  its  forme  TiO,  is 
iBomorphouB  with  MnO,  and  PbO,, 

A  series  of  oxygen  compounds  which  are  properly  to  be  viewed  aa  salts, 
e.g.,  the  sjiecies  of  the  Spinel  Group  and  a  few  others,  are  for  convenience  also 
inoluded  in  this  class. 


I.  Oxides  of  Silicon. 

QUARTZ. 

Rhombohedral-trapezohedral.     Axis:  t=  109997. 


loio  A  oiii  =  m°iv. 

lOlO  A  llSl  =  87°  68'. 
lOiO  A  5ldl  =  12°    1'. 


Crystals  commonly    prismatic,  with   the  m    faces   liorizoiitally  striated; 
terminated  either  by  both  rhombohcdrons,  or 
^^'  ^^'  by  one  only;    the    iiredouiiniiiiiig  rhombo- 

hedron  is  in  almost  nil  cnses  r*  (lOTl).  Often 
in  double  six-sided  pyramids  or  quartzoids 
Uirough  the  equal  development  of  r  and  «; 
when  r  is  relatively  large  the  form  then  has 
a  cubic  aspect  {rr  =  f5°  46').  Crystals  fre- 
quently distorted,  when  the  correct  orients 
tion  may  be  obscure  except  as  shown  by  the 
Btriations  on  m.  Crvslals  often  elongated  to 
acicniar  forms,  and  tapering  through  the 
oscillatory  combination  of  sncceseive  rhombo- 
hedronswith  the  prism.  Occasionally  twisted 
niasBPBwith  a  surface  of  pyramids,  or  in  droseB. 
leri-lmnded.     On  a.  right  handed  cryslsl  (FIk-  M8), 


or  bent.     Frequently  in  radiated 
Simple  crystals  nrceiilier  riclit- 


if  prescui.  lies  to  ibe  righi  of  the  m  fnce.  whk-ti  is  below  Ihe  predoroiautiug  plu«  rhombs 
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tiedron  r,  aud  nllh  tbis  beloDg  the  plus  rfgbt  tnpezohedrons,  u  x.  kdA  mtDus  left  tmp«- 
zoliedroDS  (cf .  Fig.  370,  p.  83),  also  a  deft).  Op  a  Ufthanded  cr^iiul  (Ffg.  6491,  t  11m  lo  Ihe 
l«ri  uf  Lbem  below  r,  undirilh  i[  the  plus  left  and  miuUB  rlgbttraprzobedroiis.  hIso  a  (rlgbt). 
The  rigbt-  and  left-ljanded  forms  occur  togelLer  oiilj  in  twlus.  In  Ibe  ftlwunce  of  trape- 
xohedral  faces  Ibe  Btrialioos  od  f  (|  edge  r/m),  if  dUiinct,  aerre  lo  distingulab  Ihe  faces 
r  and  t,  and  heuce  almw  ibe  right-  and  left-handed  character  of  the  crystals.  The  right- 
and  left-buuded  cbamcter  U  also  revealed  by  etching  (Art.  SSI)  and  by  pym-electrldty 
(Art.  480). 

Twins:  (1)  tw.  axis  i,  axes  Mrallel.  (2)  Tw.  pi.  a,  BOmetiines  called  the 
Brazil  law,  usually  as  irregular  penetration -twins  (Fig.  650).  (3)  Tw.  pi. 
£  (U33),  con tactt wins,  the  axes  crossing  at  an  angle  of  84°  33'.  See  further 
p.  127  and  Figs.  393-394.  Mas6ive  forms  common  and  in  great  variety, 
paBBing  from  the  coarse  or  fine  granular  and  ,._ 

crystalline  kinds  to  those  which  are  flint-like 
orcrjptocryatalline.  Sometimes  mammillary, 
stalactitic,  and  in  concretionary  forms;  as 
sand. 

Cleavage  not  distinctly  observed;  some- 
times fractnre  surfaces  (||  r,  z  and  vi)  devel- 
oped by  sudden  cooling  after  being  heated 
(see  Art.  258).  Fracture  conchoid^  to  snb- 
conchoidal  in  crystallized  forms,  uneven  to 
splintery  in  some  massive  kinds.  Brittle  to 
tough,  H.  ^7.  G.  ^  2-653-2'eOO  in  crystals; 
cryptocrystalline  forms  somewhat  lower  (to 
2"60)  if  pure,  but  impure  massive  forms  (e.g., 
jasper)  higher.  Luster  vitreous,  sometimes  Basalaectionio  polarised  llght.sbow- 
greasy;  splendent  to  nearly  dull.  Colorless  •'■K  iDierpenetraiion  of  right- and 
when  pure  ;  often  various  shades  of  yellow,  i'^'^^''*'  P"'"""""  ""  ^'"'^ 
red,    brown,    green,    blue,    black.      Streak 

white,  of  pure  varieties;  if  impure,  often  the  same  as  the  color,  bnt  mnch 
paler.     T'ranspai-ent  to  opaque. 

Optically  +■  Double  refraction  weak.  Polarization  circular  ;  right- 
handed  or  left-handed,  the  opticiil  character  corresponding  to  right-  and  left- 
handed  character  of  crystals,  as  defined  above;  in  twins  (law  S),  both  right  and 
left  forms  sometimes  united,  sections  then  often  showing  Airy's  spirals  in  the 
polariscope  (cf.  Art.  366,  p.  202,  and  Fig.  650).  Rotatory  power  proportional 
to  thickness  of  plate.  Refractive  indices  for  the  D  line,  a>  =  1'54418,  e  =: 
1'55328;  also  rotatory  power  for  section  of  1™°*  thickness,  n  =  21-71  (D  line). 
Pyroelectric ;  also  electric  by  pressure  or  piezo-electric.  See  Arts.  420,  421. 
On  etching-figureB,  see  Arts.  268,  266. 

Comp — Silica,  or  silicon  dioxide,  SiO,  =  Oxygen  53-3,  silicon  46-7  =  100. 
lo  iimssive  varieties  often  mixed  wirb  a  Ultle  opal  silica.     Impure  varlettes  contain  Iron 
oxide,  milium  carbouate,  clay.  »ind.  and  various  minerals  as  inclusions 

V«.— 1.  PREN0CEV8TAI.LIBE :  CryslalUzed.  vitrcous  in  lustsr.  3.  Crtptocrtstallihe: 
Fltnt-lilce,  mii«slve. 

The  first  division  includes  nil  ordinary  vllrcons  quartz,  wbelher  h.ivlng  crystslline  fncm 
or  not.  The  varieties  under  ibe  second  are  in  prcneml  aclpd  upon  somewhat  more  by 
attrition,  a'i'l  by  cbemicnl  ugents,  as  bydrnSiioric  acid.  Ihnn  tbnsi'  of  the  Srst.  In  all  khidl 
made  up  of  layers,  as  agate,  successive  laytrs  are  unequally  eroded. 

A.      PBBNOCRVBT  A  INLINE   OR   VlTBBOUB  VaRIETTKB. 

Ordinary  Cryttallited:  Rock  Oryilnl.  —Colorless  quartz,  or  nearly  so,  whether  In  dbttnct 
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quartz  made  up  of  sepnmble  layi  rs  or  caps;  (c)  drusy  quartz,  a  crust  of  small  or  minute 
quartz  crystals;  (d)  radiated  quartz,  often  separable  into  radiated  parts  having  pyramidal 
terminations;  (e)  fibrous,  rarely  delicately  so  as  a  kind  from  Griquuland  West,  Soutli 
Africa,  altered  from  crocidolite  (see  eaVt-eye  below,  also  crocidolite  p.  404). 

Aiteriaied;  Star-quartz. — Containing  within  the  crystal  whitish  or  colored  radiutious 
along  the  diametral  planes.     Occasionally  exhibits  distinct  asterism. 

Amethystine;  AmeOiyst. — Clear  purple,  or  bluish  violet.    Color  perhaps  due  to  manganese. 

Hose. — Rose-red  or  pink,  but  becoming  paler  on  exposure.  Common  massive.  Luster 
sometimes  a  little  greasy.     Color  perhaps  due  to  titanium. 

Yelloio;  False  Topaa  or  Citrine. — Yellow  and  pellucid;  resembling  yellow  topaz. 

Smoky;  Qiirngonn  Stone. — Smoky-yellow  to  dark  smoky  brown,  and  often  trans- 
parent; varying  to  brownish  black.  Color  is  probably  due  to  some  organic  compound 
(Forster).  Called  cairngorms  from  the  locality  at  Cairngorm,  S.W.  of  Banff,  in  8c«<tlaud. 
The  name  morion  is  given  to  nearly  black  varieties. 

Milky. — Milk-white  and  nearly  opaque.     Luster  often  greasy. 

Sidente,  or  Sapphire-quartz. — Of  indigo  or  Berlin-blue  color;  a  nire  variety. 

<Sa^''ni^«;.— Inclosing  acicular  trystals  of  rutile.  Other  included  minerals  in  acicular 
forms  are:  black  tourmaline;  gOlhiie;  stibnite;  lusbestus;  actinolitc;  hornblende;  epidote. 
Gat's  Eye  (Katzenauge  Oerm.,TE'i\  dc  Chat  Fr.)  exhibits  opalescence,  but  without  prismatic 
colors,  especially  when  cut  en  cahochon,  an  effect  sometimes  due  to  fibers  of  asbestus. 
Also  present  in  the  siliceous  pseudomorphs,  af;er  crocidolite,  called  ^t^er^c^e  (see  crocidolite). 
The  highly-prized  Oriental  cat's-eye  is  a  variety  of  chrysoberyl. 

Aventurine. — Spangled  with  scales  of  mica,  hematite,  or  other  mineral. 

Impure  from  the  presence  of  distinrt  minerals  distributed  densely  through  the  mnss. 
The  more  common  kinds  are  those  in  which  tlie  impurities  are:  (a)  ferruginous (Eisenkiesel 
Germ.)f  either  red  or  yellow,  from  anhydrous  or  hydrous  iron  sesquioxide;  (6)  ehloritie, 
from  some  kind  of  chlorite:  {e)  actinolilic;  (d)  micaceous;  (e)  arenaceous,  or  sand. 

Containing  liquids  in  cavities.  The  liquid  usually  wuter  (pure,  or  a  mineral  solution), 
or  .«ome  petroleum-like  compound.  Quartz,  especially  smoky  quartz,  also  often  contains 
inclusions  of  both  liquid  and  gaseous  carbon  dioxide. 

B.      CRYPTOCRY8TALLINK   VaUIETIKS. 

GIinlced&ny.—Hiwlng  the  luster  nearly  of  wax,  and  either  transparent  or  translucent. 
G.  —  2  6-2*64.  Color  white,  grayish,  blue,  pale  brown  to  dark  brown,  black.  Also  of 
other  shades,  and  then  having  other  names.  Often  mammilhiry.  botryoidnl,  stalactitic, 
and  occurring  lining  or  tilling  cavities  in  rocks.  It  often  contains  some  disseminated  opal- 
silica.  The  name  enhydros  is  given  lo  nodules  of  chalcedony  containing  water,  sometimes 
in  large  amount.  Embraced  under  the  general  name  chalcedony  is  the  crystalline  form  of 
silica  which  forms  concretionary  masses  with  radial- fibrous  and  concentric  structure,  and 
which,  as  shown  by  Rosenbu-sc'i,  is  optically  negative,  unlike  true  quartz.  It  has  n^  =  1*537; 
G.  =  2  59-2*64.  Often  in  spherulite.^*.  showing  the  spherulitic  interference-figure.  Lussa* 
tite  of  Mallard  has  a  like  structure,  but  is  optically  -f  and  has  the  specific  gravity  and 
refnictive  index  of  opal.     See  also  quart ziite,  p.  328. 

Carnef'ian.  Sard.— A  clear  red  chalcf  dony,  pale  to  deep  in  shade;  also  brownish  red 
to  brown. 

Chr^soprase. — An  apple  green  chalcedony,  the  color  due  to  nickel  oxide. 

Prase. — Translucent  and  dull  leek-green. 

Plasma. — Rather  bright  green  to  leek-green,  and  also  sometimes  nearly  emerald-green, 
and  subtranslucent  or  feebly  translucent'  Ueliotrope.  or  Blood-stone^  is  the  same  stone 
essentially,  with  small  spots  of  red  jasper,  looking  like  drops  of  blood. 

Agate,— X  variegated  chalcedony.  The  colors  are  either  (a)  banded;  or  (6)  Irregularly 
clouded;  or  (<?)  due  to  visible  impurities  as  in  moss  agate,  which  has  brown  moss  like  or 
dendritic  forms,  as  of  manganese  oxide,  distributed  through  the  mass.  The  bamls  are 
delicate  parallel  lines,  of  white,  pale  and  dark  brown,  bluish  and  other  shades;  they 
are  sometimes  straight,  more  often  waving  or  zigzasr,  and  occasionally  concentric 
circular.  The  bands  are  the  edffes  of  layers  of  deposition,  the  agate  having  been  formed 
by  a  deposit  of  silica  from  8r>lutions  intermittently  sunplied,  in  irregulnr  cavities  in  rocks, 
and  deriving  their  concentric  waving  courses  from  the  irregularities  of  the  walls  of  the 
cavity.  The  layers  differ  in  porosity,  an<l  therefore  agates  may  be  varied  in  color  by 
artificial  means,  and  this  is  done  now  to  a  larcrc  extent  with  the  agates  cut  for  ornament. 
Theic  is  also  agatized  wood:  wood  petrified  with  clouded  agate. 

Onyx. — Like  agjite  in  condstinir  of  layers  of  <liffeient  colors,  white  and  black,  white  and 
red,  etc.,  but  the  layers  in  even  planes,  anil  the  banding  straight,  and  hence  its  use  for  cameos. 
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&irdonyx. — Like  on^x  iu  structure,  but  includes  layers  of  caroelian  (sard)  along  with 
others  of  white  or  whitish,  nod  brown,  and  sometimes  black  colors. 

Agate-jasper. — An  agate  consisting  of  jasper  with  veinings  of  chalcedony. 

SUieeous  «»t<fr. —Irregularly  cellular  quartz,  formed  by  deposition  from  waters  contain- 
ing silica  or  soluble  silicates  in  solution.     See  also  under  opal,  p.  ^9. 

Flint. — Somewhat  allied  to  chalcedony,  but  more  opaque,  and  of  dull  colors,  usuall}' 
gray,  smoky  brown,  and  brownish  black.  The  exterior  is  ofien  whiii&h,  from  mixture 
with  lime  or  chalk,  iu  which  it  is  embedded.  Luster  barely  glis^teuing.  subviireous. 
Breaks  with  a  deeply  conchoidMl  fracture,  and  a  sharp  cutting  edge.  The  flint  of  the 
cbalk  formation  consists  largely  of  the  remains  of  diatoms,  spouge:^,  and  other  marine 
productions.  The  coloring  matter  of  the  common  kinds  is  mostly  carbonaceous  matter. 
Flint  implements  play  an  important  part  among  the  relics  of  early  man. 

UornaUyne. — Resembles  flint,  but  is  more  brittle,  the  fracture  more  splintery.  Chti't  is  a 
term  often  applied  to  hornstone,  and  to  any  impure  tiinty  rock,  including  the  jaspers. 

BasaniU;  Lydian  Stone,  or  louchsUme.—A.  velvet-black  siliceous  8t«  ne  or  tiinty  jasper, 
used  on  account  of  its  hardness  and  black  color  for  trying  tlie  ptiritv  of  the  precious  metals. 
The  color  left  on  the  stone  after  rubl>ing  the  metal  across  it  indicates  to  the  experienced 
e\  e  the  amount  of  alloy.     It  is  not  splintery  like  hornstone. 

Jasper. — Impure  opaque  colored  quartz;  commonly  re<l,  also  yellow,  dark  green  and 
grayisn  blue.  Striped  or  riband  jasper  has  the  colors  in  broad  stripes.  Porcelain  jasper  is 
nothing  but  baked  clay,  and  differs  from  true  jasper  in  being  B.B.  fusible  on  the  edges. 

C.  Besides  the  above  there  are  a^.so: 

Granular  QiutrUs,  Quartz-rock,  or  Quartsite.—A  rock  consisting  of  quartz  grains  very 
firmly  compacted;  the  grains  often  hardly  distinct,  i^uartzose  Sandstone,  Quartz-con- 
glomerate.— A  rock  made  of-  pebbles  of  quartz  with  sjind.  The  pebbles  scmetimes  are 
jasper  and  chalcedony,  and  make  a  beautitul  stone  when  poliv^^hed.  Itacolumite ,  or  Flexible 
Sandstone. — A  friable  sand-rock,  consisting  nuiinly  of  qtiarlz-saud,  but  containing  a  little 
mica,  and  possessing  a  degree  of  flexibility  when  in  thin  Inminee.  Ltihrstone,  or  i  urrstoue. 
— A  cellular,  flinty  rock,  having  the  nature  in  part  of  coarse  chalcedony. 

Pseudomorphous  Quartz. — Quartz  appears  also  under  the  forms  of  many  of  the  mineral 
species,  which  it  has  taken  throucfh  either  the  alteration  oi  replacement  of  crystals  of  those 
species.  The  most  common  quartz  pseudcmiorphs  sre  those  of  calcile,  barite,  fluorile,  and 
siderite.     Silicijied  u>ood  is  quartz  p.seudomorph  after  wood  (p.  253). 

Pyr..  etc. — B.B.  unaltered;  with  borax  dist^^olves  slowly  to  a  clear  glass;  with  soda 
dissolves  with  effervescence:  unacted  ui>on  by  salt  of  phosphorus.  Insoluble  in  hydro- 
chloric acid,  and  only  slightly  acted  upon  by  solutions  of  fixed  caustic  alkalies,  the  crvpto- 
crystalline  varieties  to  the  greater  extent.  Soluble  only  in  hydrofluoric  acid.  When  fused 
and  cooled  it  becomes  opal-silica  having  G.  =  2*2. 

'     Dift — Characterized  in  crystals  by  the  form,   glassy  luster,  and  absence  of  cleavage; 
also  in  general  by  hardness  nnd  infusibilitv. 

Easily  recognized  iu  rock  sections  by  Us  low  refraction  (**low  relief,"  p.  170)  and  low 
birefringence  (e  — a>  =  0  009);  the  interference  colors  in  ^ood  sections  not  rising  above 
yellow  of  the  fii-st  oi-der;  also  by  its  limpidity  and  the  positive  uniaxial  cross  yielded  by 
axial  sections  (p.  203,  note),  which  remain  dark  when  revolved  between  crossed  uicols. 
Commonly  iti  formless  gmins  (ffranite).  also  wiih  crystal  outline  (porphyry,  etc.). 

Obs. — Quartz  is  an  essential  component  of  certain  igneous  rocks,  as  granite,  granite- 
poi-phyry,  quartz-porphyry  and  rhyolite  in  the  granite  group;  in  such  rocks  it  is  commonly 
in  formless  grains  or  masses  filling  the  interstices  between  the  feldspar,  as  the  last  j^roduct 
of  crystallization.  Further  it  is  an  essential  constituent  in  quartz  diorite.  quartz-diorite 
porphyry  and  dacites  in  the  diorite  group;  in  the  iwrphyries  frequently  in  distinct  crystals. 
It  occurs  also  as  an  acce.«i«ory  in  other  feldspnthic  igneous  rocks,  such  as  syenite  and  trachyte. 
Among  the  metamorphic  rocks  it  is  an  essential  component  of  certain  varieties  of  gneiss,  of 
quartzite.  etc.  It  forms  the  ma^s  of  common  sandstone.  It  occurs  as  the  vein-stone  in 
various  rocks,  and  for  a  large  part  of  mineral  veins;  as  a  foreijc^n  mineral  in  some  limestones, 
etc.,  making  peodes  of  crystals,  or  of  chalcedony,  ncate,  carnelian.  etc  ;  as  embedded  no<lule8 
or  masses  in  various  limestones,  constituting  tiie  tlint  of  the  Chalk  formation,  the  hornstone 
of  other  limestones— these  nodtiles  sometimes  becoming  ccmtinuotis  layers;  as  masses  of 
jasper  occasionally  in  limestone.  It  is  the  principal  material  of  the  pe])bles  of  gravel-beds, 
and  of  tlic  sands  of  the  s-ashore.  and  sandbeds  everywhere.  In  gra|)hic  granite  {prgmatite) 
the  quartz  individuals  are  arranged  in  parallel  position  in  feldspar,  the  anjitilar  particles 
reseml>lin2r  writien  characters.  The  qiiartz  grains  in  a  fragmental  sandstone  are  often 
found  to  have  undergone  a  secondary  growth  by  the  depositicm  of  crystallized  silica  with 
like  orientation  to  tlie  oricrinal  nucleus. 

Switzerland   Dauphine,  Piedmont,  the  Carrara  quarries,   and  numerous  other  foreign 
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localities,  afford  fine  specimens  of  rock  crystal;  also  Japan,  whence  the  beautiful  crystal 
spheres,  in  mre  cases  up  to  6  inches  in  diameter.  Smoky  quartz  crystals  of  great  beauty, 
and  often  highly  complex  iu  form,  occur  at  many  points  in  the  central  Alps,  also  at 
Ciiirngorui.  Scotland.  The  most  l»eauiiful  amethysts  are  brought  from  India,  Oylon,  and 
Permit,  also  from  Brazil;  inferior  speciu  ens  occur  iu  TransyWania.  The  finest  eamWiiriia  and 
tig'ttf8  are  found  iu  Arabia,  India,  Brazil,  Surinam,  also  formerly  at  Obeisteiu  and  Saxony. 
S"otl:ini  affords  smaller  but  handsome  specimens  (Scotch  pebbles).  The  banks  of  the  Nile 
nffoni  I  he  Egyptian  jiisper;  the  striped  jasper  is  met  with  in  Siberia,  Saxonv.  and  Devonshire. 

In  New  lork,  quartz  crystals  are  abundant  in  Herkimer  Co..  at  Middleville,  Little 
Falls,  etc.,  loose  in  cavities  iu  the  Calciferous  snnd-rock.  or  embedded  iu  loose  earth. 
Fine  quart zoids,  at  the  beds  of  hematite  iu  FowUr,  Uernmu,  and  Edwards,  St.  Lawrence 
Co.,  also  at  Antwerp,  Jeffer»on  Co.  On  the  banks  of  Laidlaw  Lake,  Rossie,  large  imphinted 
crystals:  at  Elleuville  leatl  mine,  Ulster  Co  .  iu  Hue  groups.  At  Paris,  Me.,  handsome 
crystals  of  brown  or  smoky  quartz.  Beautiful  colorless  crystals  occur  at  Hot  Springs, 
Arkansas.  Alexander  Co.,  N.  C,  has  aHorded  great  numbers  of  higi.ly  couiplex  crystals, 
with  rare  moditications.  Fine  crystals  of  smoky  quartz  come  from  tbe  j^rauiteof  the  Pike's 
Peak  region,  Colorado.  Geodes  of  quartz  crystals,  also  enclosing  calcite,  sphalerite,  eic, 
are  common  in  th(;  Keokuk  limestone  of  tbe  west. 

Jiose  quartz  occurs  at  Albauy  and  Paris.  Me.;  Acwortb.  N. ;  H  Southbury.  Coun. 
Am  tJiyit,  iu  trap,  at  Keweenaw  Point,  Lake  Superior;  Specimen  Mt  ,  Yellowstone  Park; 
iu  Pennsylvania,  in  East  Bradford,  Chester,  and  Providence  (one  tiue  crystal  over  7  lbs.  in 
weight),  in  Chester  Co.;  at  the  Prince  vein.  Lake  Superior;  large cn'stals.  near  Greensboro, 
N.  C. ;  crystallized  greeu  quartz,  iu  talc,  at  Providence.  Delaware  Co.,  Penn.  Chale^Ufny 
and  agates  abundant  and  beautiful  on  N.  W.  shore  of  Lake  Superior.  Red  jas|)er  is  found 
on  Sugar  Loaf  Mt.,  Maine;  iu  pebbles  on  the  banks  of  the  Hudson  at  Troy;  yellow,  with 
chalcedony,  at  Chester.  Mass.  Agatized  and  jasperized  wood  of  great  beauty  and  variety 
of  color  is  obtained  from  the  petrified  forest  called  Chalcedony  Park,  near  Carrizo,  Apache 
Co.,  Arizona;  also  from  the  Yellowstone  Park;  near  Florissant  and  elsewhere  iu  Colorado; 
Amethyst  Mt.,  Utah;  Napa  Co.,  California.  Moss  agates  from  Humboldt  Co.,  Nevada, 
aud  many  other  poiuts. 

The  word  quartz  is  of  German  provincial  origin  Agate  is  from  the  name  of  the  riyer 
Achates,  iu  Sicily,  whence  specimens  were  brought,  as  stated  by  Theophrastus. 

QuAUTziNB  is  a  name  which  has  been  given  to  a  form  of  silica  which  is  present  in 
chalcedouy  and  is  inferred  to  be  triclinic  in  crystalline  structure.     Luteeite  belongs  here. 

TRIDYliftlTE. 

Hexagonal  or  pseudo-hexagonal.  Axi8<^=  1-6530.  Crystals  u anally  minute, 
thin  tabular  ||  c;  often  in  twins;  also  united  in  fan-shaped  groups. 

Cleavage:  prismatic,  not  distinct;  parting  |  c,  sometimes  observed.  Frac- 
ture conchoidal.  Brittle.  H.  =  7.  G.  =  2'28-2*33.  Luster  vitreons,  on  c 
pearly.  Colorless  to  white.  Transparent.  Optically  -f-.  Often  exhibits 
anomalous  refraction  phenomena. 

€omp. — Pure  silica,  SiO,,  like  quartz. 

Pjrr..  etc.— Like  quartz,  but  soluble  iu  boiling  sodium  carbonnte. 

Obs.— Occurs  chiefly  in  acidic  volcauic  rocks,  trachyte,  andesite.  liparite,  less  often  in 
d(»lerite:  usually  iu  cavities,  often  associated  with  sanidine.  also  hornblende,  augite,  heroa* 
tite;  sometimes  in  opal.  First  observed  in  crevices  and  druses  in  an  augite-andesite  from 
the  Cerro  San  Cristobal,  near  Pachuca,  Mexico;  later  proved  to  be  rather  generally 
distributed.  Thus  iu  trachyte  of  the  Siebengebirge;  of  Euganean  Hills  in  N.  Italy;  Piiy 
Capiicin  (Moni-Dore)  iu  Central  Pnuice,  etc  In  the  ejected  masses  from  Vesuvius  con- 
sisting chiefly  of  sanidine.  With  qtiartz.  feldspar,  fayaliie  in  lilhophyses  of  Obsidian  cliff 
Yellowstone  Psrk.     In  the  andesite  of  Mt.  liainier,  Washington.  * 

Named  from  roiSvfLio<>,  threefold,  in  alhision  to  the  romnmn  occurrence  in  trillings. 

Abmanite.  a  form  of  silica  found  iu  the  meteoric  iron  of  Breitenbach,  in  very  minute 
gniius.  ])rol)al)ly  identical  with  iridymite;  by  some  referred  to  the  orthorhombic  system 

Cristobamtk.  Chrislobaliie.  Silica  in  white  octahedrons  (pseudo-isometric?).  G  = 
3-27.     With  iri«iyuiite  iu  andesite  of  the  Cerro  S.  Cristobal,  Pachuca,  Mexico. 

Melanophlogite  In  minute  cuhes  and  spherical  agcrrepates.  Occurring  with  calcite 
and  celestite  implanted  upon  an  incrustation  of  opaline  silica  over  the  sulphur  crystals  of 
Girgenti.  Sicily.  Consists  of  SiO,  with  6  to  7  p.  c.  of  SO..  The  mineral  turns  black 
superficially  when  heated  B.B. 
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OPAL. 


AmorphoQS.  Massive;  sometimes  small  reniform,  stalaetiticy  or  large 
tuberose.    Also  earthy. 

H.  =  5'5-C-5.  6.  =  r9-2'3;  when  pure  21-2-2.  Luster  vitreous,  frequently 
subvitreous;  often  inclining  to  resinous,  and  sometimes  to  pearly.  Color  white^ 
yellow,  red,  brown,  green,  gray,  blue,  generally  pale  ;  dark  colors  arise  from 
foreign  admixtures;  sometimes  a  rich  play  of  colors,  or  different  colors  by 
refracted  and  reflected  light.  Streak  white.  Transparent  to  nearly  opaque. 
M,=  1-44-1 -45. 

Ofteu  shows  double  refractioti  similar  to  that  observed  in  colloidal  substances  due  to 
tensiou.  The  cause  of  the  piny  of  color  iu  the  precious  opal  was  investigated  by  Brewster, 
who  ascribed  it  to  ihe  presence  of  microscopic  cavities.  Beh rends,  however,  has  given  a 
nionogiBph  on  the  subject  (Ber.  Ak.  Wieu,  64  (1),  1871),  and  has  shown  that  this  explanation 
is  incorrect;  he  refers  the  colors  to  thin  curved  lamellae  of  opal  whose  refractive  power  may 
differ  by  0*1  from  tiiat  of  the  mass.  These  are  conceived  to  have  been  originally  formed  in 
parallel  position,  but  have  been  changed,  bent,  and  finally  cracked  and  broken  in  the 
solidification  of  the  groundmass. 

Comp. — Silica,  like  quartz,  with  a  varying  amount  of  water,  SiO,.nH,0. 
The  water  is  sometimes  regarded  as  non-essential. 

The  opal  condition  is  one  of  lower  degrees  of  hardness  and  specific  gravity,  and,  as 
generally  believed,  of  incapability  of  crystallization.  The  water  present  vanes  from  2  to  Ift 
p.  c.  or  more,  but  mostly  from  8  to  9  p.  c.  Small  quantities  of  ferric  oxide,  alumina,  lime, 
magnesia,  aud  alkalies  are  usually  present  as  impurities. 

var  —PreciofiM  Opal. — Exhibits  a  play  of  delicate  colors. 

Fire- opal. — Hyacinth-red  to  honey -yellow  colors,  with  fire-like  reflections,  somewhat 
irised  on  turning. 

Oirasol.—Bhush  white,  translucent,  with  reddish  reflections  in  a  bright  light. 

Common  Opal. — In  part  translucent;  (a)  milk-opal,  milk-white  to  greenish,  yellowi«h, 
bluish;  (b)  Resin-opal,  wax-,  honey-  to  ocher-yellow,  with  a  resinous  luster:  {e)  dull  olive- 
firreen  and  mountain-green;  (d)  brick  red.  Includes  Semiopal;  (e)  Hydrophane,  a  variety 
which  becomes  more  translucent  or  transparent  in  water. 

Cac/iolonff. — Opaque,  bluish  white,  porcelain  white,  pale  yellowish  or  reddish. 

Opal-agate.— Agttie-Wke  in  structure,  but  consisting  of  opal  of  different  shades  of  color. 

MenUiie — In  concretionary  forms;  opnque.  dull  grayish. 

Jaep-opnl  Opal  jjisper— Opal  containing  some  yellow  iron  oxide  and  other  impurities, 
and  havini;  the  color  of  yellow  jasper,  with  the  luster  of  common  opal. 

Wood-opal     Holz-opal  Oerm — Wood  petrified  by  opal. 

Hi/alit^.  Muller's  Glass. — Clear  as  glass  and  colorless,  constituting  globular  concretions, 
and  crusts  with  a  globular  or  botryoidal  surface:  also  passing  into  translucent,  and  whitish. 
Less  readily  dissolved  in  caustic  alkalies  than  other  varieties. 

Fiorite,  Siliceoue  Sinter. — Includes  translucent  to  opaque,  grayish,  whitish  or  brownish 
incrustations,  porous  to  firm  in  texture:  sometimes  fibrous-like  or  filamentous,  and.  when 
80.  pearly  in  luster  (then  called  Pearl-nnter);  deposited  from  the  siliceous  waters  of 
hot  springs. 

Gey8erite.—Q'(M\9^\\i\Vei&  concretionary  deposits  about  the  ge3'sers  of  the  Yellowstone  Park, 
Iceland,  and  New  Zealand,  presenting  white  or  grayish,  porous,  sUilactitic.  filamentous, 
cauliflower  like  forms,  often  of  <rreat  beauty;  also  compact-massive,  and  scaly  massive. 

Float  atone. — In  light  porous  concretionary  masses,  white  or  grayish,  sometimes  cavern- 
ous, roucrh  in  fracture. 

Tripolite. — Formed  from  the  siliceous  shells  of  diatoms  (hence  railed  (fiatomite)  and 
other  microscopic  species,  and  occurritig  in  extend ve  deposits.  Includes  Infuforinl  Rarth^ 
or  Earthy  Tripolite.  a  very  fine-grained  earth  looking  often  like  an  earthy  chalk,  or  a  cluy, 
but  harsh  to  the  feci,  and  scratching  glass  when  rubbed  on  it. 

Pyr.,  etc. — Yiehls  water.  B.B.  infusible,  but  becomes  opaque.  Some  vellow  varieties, 
containinc:  iron  oxide,  turn  red.  Soluble  in  hydrofluoric  acid  somewhat  more  readily  than 
quartz:  also  snluble  in  caustic  alkalies,  but  more  readily  in  some  varieties  than  in  others. 

Oba.— Occurs  filling  cavities  and  fissures  or  seams  in  igneous  rocks,  as  trachyte,  por- 
phyry, also  in  some  metallic  veins.  Also  embedded,  like  flint,  in  limestone,  and  sometimes, 
like  other  quartz  concretions,  in  argillaceous  beds;  formed  from  the  siliceous  waters  of 
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some  hot  springs;  often  resulting  from  tlie  mere  accumulatioD,  or  uccumulation  and  partial 
solution  Hud  solidification,  of  the  siliceous  shells  of  iurusoria,  of  sponge  spicules,  ttc, 
which  consist  essentially  of  opul-silicn.  Ihe  last  mentioned  is  the  probable  source  of  the 
opal  of  limestones  and  argillaceous  beds  (as  it  is  of  Hint  in  the  same  locks),  and  of  part  of 
that  ill  igneous  rocks.     It  exists  in  most  chalcedony  and  Hint. 

Preciaus  opal  occurs  in  porphyry  at  Czerwenitza,  near  Ktishau  in  Hungary;  at  Grucias  a 
Dios  in  Honduras;  Queretaro  in  Mexico;  a  beautiful  blue  opal  on  Bulla  Creek,  Qtuensland. 
Fire-opal  occurs  at  Zitnap:in  in  Mexico;  the  Fiir5er;  near  San  Antonio,  Honduras.  Common 
opal  is  abundant  at  Telkebanxa  in  Hungary;  near  Perastein,  etc.,  in  Moravia;  in  Bohemia; 
Sienzelbcrg  in  Siebengebirue;  in  Iceland.  Hyalite  occurs  in  amygdaloid  at  Schcmnitz, 
Hungary;  in  clinkstone  at  Waltsch.  Bohemia;  at  San  Luis  Potosi,  Mexico. 

In  U.  S.,  hyalite  occurs  sparingly  in  connection  with  the  trap  rock  of  New  Jcrse}'  and 
Oonueciicut.  A  water-worn  specimen  of  fire-opal  has  been  found  on  the  John  Davis  river, 
in  Crook  Co.,  Oregon. 

Common  opal  i»  found  at  Cornwall.  Lebanon  Co  ,  Pcnn.;  at  Aquas  Calientes,  Idaho 
Springs,  Colo.;  a  white  variety  at  Mokelumne  Hill,  Calaveras  Co..  Cal.,  and  on  the  Mt. 
Diablo  range.  Geyserite  occurs  in  great  abundance  and  variety  in  the  Yellowstone  region 
(cf.  above);  also  siliceous  sinter  at  Steamboat  Springs,  Nevada.  Other  localities  are  given 
by  Kunz.  Gems  and  Precious  Stones  of  N.  A.,  1890. 


II.  Oxides  of  the  Semi-Metals;  also  Molybdenum,  Tungsten. 

Araenolite.     Arsenic  trioxide.  AsaOa.     In  isometric  octahedrons;  in  crusts  and  earthy. 
Colorless  or  white.     G.  =  3-7.     Occurs  with  arsenical  ores. 

Olaudetite.     Also  AsaOs,  but  monoclinic  in  form. 

Senarmontite.  Antimony  trioxide.  SbgOs.  In  isometric  octahedrons;  in  crusts  and 
granular  massive.     G.  =  5  3.     Colorless,  grayish.     Occurs  with  ores  of  antimony. 

Valentinite.     Also  SbsOs.  but  in  prismatic  orlhorhombic  crystals. 

Bismite.     Bismuth  trioxide,  BiaOs.     Pulverulent,  earthy;  color  straw-yellow. 

Tellurite.     Telluritim  dioxide.  TeO,      In  white  to  yellow  slender  piisnmtic  crystals. 

Molybdite.  Molybdenum  trioxide.  MoO,.  In  capillary  tufted  forms  and  earthy.  Color 
stmw-yellow. 

Tungstite.  Tungsten  trioxide,  WOs.  Pulverulent,  earthy;  color  yellow  or  yellowish 
green. 

Oervantite.  SbaO,  Sl»,0».  In  yellow  to  white  acicular  crystals;  also  massive,  pul- 
verulent. 

Stibiconite.     HaSbaOs.     Massive,  compact.     Color  pale  yellow  to  yellowish  white. 


ni.  Oxides  of  the  Metals. 

A.  Anhydrous  Oxides. 

I.  Protoxides,  R,0  and  EO. 

II.  Sesquioxides,  R,0,. 

TTllI 

III.  Intermediate,  ER,0,  or  RO.R,0„  etc. 

IV.  Dioxides,  RO,. 

The  Anhydrons  Oxides  include,  as  shown  above,  three  distinct  divisions, 
the  Protoxides,  the  Sesquioxides  and  tiie  Dioxides.  The  remaining  Inter- 
mediate division  embraces  a  number  of  oxygen  compounds  which  are  properly 
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to  be  regarded  chemically  as  salts  of  certain  acids  (alumiuates,  ferrates,  etc.); 
here  is  included  the  well -characterized  Spinel  Group. 

Among  the  Protoxides  the  only  distinct  group  is  the  Periclase  Group, 
which  includes  the  rare  species  Periclase,  MgO,  Manganosite,  MnO,  and 
Bunsenite,  NiO.     All  of  these  are  isometric  in  crystallization. 

The  Sesquioxides  include  the  well-characterized  Hematite  Group,  R,0,. 
The  Dioxides  include  the  prominent  Rutile  Group,  RO,.  Both  of  these 
groups  are  further  defined  later. 


I.  Protoxides,  R,0  and  RO. 


OUPRTTB.     Bed  Copper  Ore.     Rotbknpfererz  Oerm. 
Isometric-plagihedral.      Commonly   in    octahedrons;    also  in   cubes  and 


661. 


Arizona. 


dodecahedrons,  often  highly  modified.  Plagihedral 
faces  sometimes  distinct  (see  pp.  50,  51).  Also  mas- 
sive, granular;  sometimes  earthy. 

Cleavage:  o  interrupted.  Fracture  conchoidal, 
uneven.  Brittle.  H.  =  3-5-4.  G.  =  5-85-615. 
Luster  adamantine  or  submetallic  to  earthy.  Color 
red,  of  various  shades,  particularly  cochineal-red, 
sometimes  almost  black;  occasionally  crimson-red  by 
transmitted  light.  Streak  several  shades  of  brownish 
red,  shining.  Subtransparent  to  subtranslucent.  Re- 
fractive index,  n^  =  2*849  Fizeau. 

Var. — 1.   Ordinary,     (a)  Crystallized;    conimooly   iu   octn- 
hedroiiM,  (hxlecahedroiis,  cubes,  aud  iutermediatc  forms;  the  crystals  often  with  a  crust  of 
malachite;  (6)  massive. 

2.  Capt  lary  ;  ChaleotricJiiU.  Plush  Copper  Ore  In  capillary  or  acicular  crystalliza- 
tions, which  are  sometimes  cubes  elongated  in  the  direction  of  the  cubic  axis. 

8.  EartJiy ;  Tile  Ore,  Zicgelerz  Oerm.  Brick-red  or  reddish  brown  and  earthy,  often 
mixed  with  red  oxide  of  iron;  sometimes  nearly  black. 

Comp. — Cuprous  oxide,  Cu,0  =  Oxygen  11'2,  copper  88*8  =  100. 

Tyx,,  etc. — Unaltered  in  the  closed  tube  B.B.  in  the  forceps  fuses  and  colors  the 
flame  emerald  green.  On  crharcoal  first  blackens,  then  fuses,  and  is  reduced  to  metallic 
copper.  With  the  fluxes  gives  reactions  for  copper.  Soluble  in  concentrated  hydrochloric 
4ici(l,  and  a  strong  soltttion  when  cooled  and  diluted  with  cold  water  yields  a  heavy,  white 
precipitate  of  subchloriile  of  copper. 

tASL — Distinguished  from  hematite  by  inferior  hardness,  but  is  harder  than  cinnabar 
And  proustite  and  differs  from  them  in  the  color  of  the  streak;  reactions  for  copper,  B.B., 
are  c^mclusive. 

^^^  ^^^  «  

Ob». — Occurs  at  Eamsdorf  in  Thuringin;  in  Cornwall,  in  fine  crystals,  at  Wheal  Gorland 
and  other  mines;  in  Devonshire  near  Tavistock;  in  isolated  crystals,  more  or  less  altered  to 
ma!n<Iiitr,  at  Chessy,  near  Lyons,  France;  in  the  Ural;  South  Australia;  also  abundant  in 
Chili.  Peru.  Bolivia. 

In  the  U.  S.  observed  at  Somerville.  etc.,  N.  J.;  at  Cornwall,  Lebanon  Co.,  Pa.;  in  the 
Lake  Supeiior  region.  With  malachite,  limouite,  etc  .  at  the  Copper  Queen  mine,  Bisbee, 
Arizona,  sometimes  in  fine  crystals;  beautiful  dialcotrichiU  at  Morenci;  at  Clifton,  Graham 
Co.,  in  crystals,  and  massive. 

Ice.  H^O.  Hexagonal.  Familiarly  known  in  six-rayed  snow  crystals;  also  coating 
ponds  in  wmter,  further  as  glaciers  and  icebergs. 

Periclase  Group. 

Perlclaae.  Magnesia.  MgO.  In  cul>es  or  octahedrons,  and  in  gmins.  Cleavage  cubic. 
H.  =6.  G.  —  8*67-3  90.  Occurs  in  white  limestone  at  Mt.  Somma;  at  the  Kitteln  manga* 
tiese  mine,  Nordmark.  Sweden. 
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Manganosite.  MangaDese  protoxide,  MnO.  lu  isometric  octabedroDs.  Cleavage  cubic. 
H.  =  5-6.  G.  =5*18.  Color  emerald -green,  becoming  black  on  exposure.  From  L&ugbHn 
and  Nordmark,  Sweden. 

Btmsenite.     Nickel  protoxide,  NiO.   In  green  octabedrons.    From  Johaongeorgenstadt. 


ZINOITB.    Red  Oxide  of  Zinc.     Red  Zink  Ore.     Rothzinkerz  Qerm. 

llexagonal-hemimorphic.  Axis  6  =  1'6219.  Natural  crystals  rare  (Fig. 
50,  p.  18);  usually  foliated  massive,  or  in  coarse  particles  and  grains;  also  with 
granular  structure. 

Cleavage:  c  perfect ;  prismatic,  sometimes  distinct.  Fracture  snbconchoidaL 
Brittle.  H.  =  4-4  5.  G.  =  5 '43-5  "7.  Luster  subadamantine.  Streak  orange- 
yellow.  Color  deep  red,  also  orange-yellow.  Translucent  to  subtranslucent. 
Optically  +. 

Comp.— Zinc  oxide,  ZuO  =  Oxygen  19  7,  zinc  80'3  =  100.  Manganese 
protoxide  is  sometimes  present. 

Pyr.,  etc.—B.B.  infusible;  with  the  fluxes,  on  the  platinum  wire,  gives  reactions  for 
manganese,  and  on  charcoal  in  R.F.  gives  a  coaling  of  zinc  oxide,  yellow  while  hot,  and 
white  on  cooling.  The  coating,  moistened  with  cobalt  solution  and  treated  in  O.F.,  assumes 
a  green  color.     Soluble  in  acids. 

Diff.— Characterized  by  its  color,  particularly  that  of  the  streak;  by  cleavage;  by 
reactions  B.B. 

Obs. — Occurs  with  franklinite  and  willemite,  at  Sterling  Hill  near  Ogdensburg,  and  at 
Mine  HiU.  Franklin  Furnace.  Sussex  Co.,  N.  J.,  sometimes  in  lamellar  masses  in  pink 
calcite.     A  not  uncommon  furnace  product. 

Massicot.     Lead  monoxide,  PbO.     Massive,  scaly  or  earthy.     Color  yellow,  reddish. 

Tenorlte.  Cupric  oxide.  CuO.  In  minute  black  scales  with  metallic  luster;  from 
Vesuvitis.  Also  black  earthy  massive  (melaconiU);  occurring  with  ores  of  copper  as  at 
Ducktown,  Tenn.,  and  Keweenaw  Point,  Lake  Superior. 

Paramelaconite  is  essentially  cupric  oxide.  CuO.  occurring  in  black  pyramidal  crystals 
referred  to  the  tetragonal  system.    From  the  Copper  Queen  mine,  Bisbee,  Arizona. 

Hematite  Group.     R,Os.     Rhombohedral. 

Corundum  A1,0,  93°  56'  1*3630 

Hematite  Fe,0.  94"    0'  13656 

nmenite  (Fe,Mg)O.TiO,  Tri-rhombohedral      94°  29'  13846 

Pyrophanite         MnO.TiO,  "  94°    5^'  13692 

The  Hematite  Group  embraces  the  sesquioxides  of  alumininm  and  iron. 
These  compounds  crystallize  in  the  rhombohedral  system  with  a  fundamental 
rhombohedron  differing  but  little  in  angle  from  a  cube.  Both  the  minerals 
belonging  here,  Hematite  and  Corundum,  are  hard. 

To  these  species  the  titanates  of  iron  (and  magnesium)  avid  manganese, 
Ilmenite  and  Pyrophanite,  are  closely  related  in  form  though  belonging  to  the 
tri-rhombohedral  group  (phenacite  type);  in  other  words,  the  relation  between 
hematite  and  ilmenite  may  be  regarded  as  analogous  to  that  between  calcite 
and  dolomite.  It  is  to  be  noted,  further,  that  hematite  often  contains  titanium, 
and  an  artificial  isomorphous  compound,  Ti,0„  has  been  described.  Hence 
the  ground  for  writing  the  formula  of  ilmenite  (Fe.Ti),0„  as  is  done  by  some 
authors.  It  is  shown  by  Penfield,  however,  that  the  formula  (Fe,Mg)TiO,  is 
more  correct. 


CORUNDUM. 

Bhombohedral.  Axib  ^  =  1 
er,  O0OlAlOil  =  57*84'. 
en.  000]a3248  =  61''  11'. 
»y,  lOilAilOl  =98°  66'. 
nn',  2243A3423  =  01°  OS*. 
W,  44S8A4843  =  67"  Bff. 
M-.    SMlASlSl  =  98°  50'. 

Twina:  tw.pl.  r;  sometimes 
penetration -twins;  often  poly- 
sjnthetic,  and  thus  producing 
a  laminated  structure.  Crys- 
tals usually  rough  and  ronudud. 
Also  massive,  with  nearly  rect- 
angular partine  or  pseudo> 
cleavage;  granular,  coarse  or 
fine. 

Parting:  c,  sometimes  per- 
fect, but  interrupted;  sleoidue  to  twinning,  often  prominent;  a  less  distinct. 
Fraoture  uneven  to  conchoidal.  Brittle,  when  compact  very  tough.  H,  =  9. 
G.  =  395-4*10.  Luster  adamantine  to  vitreous;  on  c  sometimes  pearly.  Oc- 
casionally showing  asterism.  Color  blue,  red,  yellow,  brown,  gray,  and  nearly 
white;  streak  nncolored.  Pleochroic  in  deeply  colored  varieties.  Transparent 
to  transluci^nt.  Normally  nniaxial,  negative;  for  sapphire  <»,=  I'lCTfi  to 
1-76S3  and  e,  =  1-7594  to  1-T59«  Dx.     Often  abnormally  biaxial. 

Tar, — TLere  nre  tljree  siiMIvlsioiiBar  tlie  species  proniloenlly  recogulz«d  In  the  arts,  but 
dlfferiag  only  in  purity  iiml  stale  of  iiyslallizailon  or  elruclure. 

Vah.  1.  BAPPUiitE.  Ri'HV,— Itidudt'S  (be  purer  kiudB  of  fine  colore,  traDBpnrcDl  la  trsDS- 
luceut.  useful  as  gpms  Stones  are  uHuied  accoiiltnK  to  llteir  colors:  Sapphire  blue:  true 
Ruby,  ot  Oriental  Au^.  reii;  ().  Topaz,  yellow;  0.  Emerald,  green;  0.  Ametliytl,  purple. 
A  vurieiy  Lavmg  a  sielllte  opalescence  wiieti  viewed  In  tbe  dIrectiuQ  of  Ibe  verllcat  axis  of 
Ihe  crytital.  \»  ihe  A'te'taled  fiappblre  or  Biar  Stippblre. 

3,  CoKC^'DCH. — Includes  the  k!ndi  of  dark  or  dull  colors  sod  not  trnnspnreut,  color* 
HgUt  blue  io  gray,  brown.  Hi)d  black.  Tbe  original  adamantina  mar  from  Tudia  baa  a  dark 
grayish  smoky-briiwii  lint,  hut  greenisb  or  bluish  by  IrausmiUed  light,  when  traoslucepl. 

S  Ehbri  Schmirgel  Oerm — Includes  granular  corundum,  of  black  or  grayish -black 
color,  aod  conlalna  mtiRnellle  or  liemntlle  intimately  mixed.  Scmelimes  aasoclaled  with 
iron  aplnel  or  bercyiiiie.  Feels  and  looks  much  like  a  black  flne-graiued  Iron  ore.  which  it 
was  long  considered  lo  he.  There  are  gradations  from  the  evenly  fine  grained  emery  to 
kinds  In  which  [he  corundum  is  In  disllnci  crystals. 

Comp.— Alumina,  AI.O,  =  Oxygen  47'1,  alumlninm  52-9  =  100.  The  crys* 
tallized  varieties  are  essentially  pure;  analyses  of  emery  show  more  or  lees 
impnrity,  chiefly  magnetite. 


lied  ri 


Bfler  I 


>]iiilnn.  gives  a  baiuliful  blue  coliir.     Not 


s  soluble 


m  pound  1: 


acted  upon  by  acids,  jjut  converted  i 
bUulpliiiIc 

DiS. — CbarHcterized  by  ilfi  bardoei 
luster,  high  specific  gravity  and  Infi 
parting  resembles  cleavable  feldspar  bi 

Obi.— Usually  occurs  la  pryatalHiii. 
irtaDlle.  mica  slale,  chlorite  slate.     The  associated  ininerals  often  Include 


wiib  potassium 


{srnitching  qviarlz  and  topaz),  by  its  adamantine 
ibility.  The  massive  vnHely  willi  rhombobedral 
is  much  harder  and  denser. 

rocks,  ai*  granular  limestone  or  dolomite,  gneiss, 
species  of 


tbe  chlorite  group,  as  prochlorite,  corn ndopbi lite,  margarlle,  also  tourmaline,  spinel. 
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cyanite,  diuspore,  and  a  series  of  altiminous  mitiemls.  in  part  produced  from  its  alteration. 
Occasionally  found  in  ejected  masses  enclosed  in  younger  volcanic  rocks,  as  at  KOnigs- 
wiiiter,  Ni(^ermeudig.  etc.  Rarely  observed  as  a  eoiiiacuuunerul.  Tbe  fine  sapphires  are 
usually  obtained  from  tbe  beds  of  rivers,  eitberin  moditied  bexagoual  prisms  or  iu  rolled 
masses,  accompanied  by  grains  uf  magnetite,  and  several  kinds  of  gems,  as  spinel,  etc. 
Tbe  emery  of  Asia  Minor,  Dr.  Smitb  states,  occurs  in  gi-anular  limestone. 

Tbe  best  rubies  come  from  ibe  mines  in  Upper  Burma,  norib  of  iMandalay,  in  an  area 
covering  25  to  30  square  uiiles.  of  wbicb  Mogok  is  tbe  center.  Tbe  rubies  occur  in  $iiu  iu 
crystalline  limestone,  also  in  tbe  soil  of  tbe  bilisides  and  in  gem- bearing  gi-avel.  Blue 
s.'ipphires  are  brou>^bt  from  Ceylon,  often  as  rolled  {jebbles,  also  as  well-preserved  crystals. 
Corundum  occurs  iu  tbe  Carnatic  o.i  tbe  Malabar  coast,  on  tbe  Cbautibun  bills  in  ^iuni, 
and  elsewbere  in  tbe  East  Indies;  also  near  Canton.  Cbiua.  At  St.  Goibard,  it  occurs  of  a 
red  or  blue  tinge  in  dolomile,  and  near  Mozzo  in  Piedmont,  in  wbile  compact  feldspar. 
Adamantine  spar  is  met  witb  in  larire  coarse,  bexngonal  pyramids  in  Gellivaia,  Sweden. 
Other  localities  are  in  Bohemia,  near  Petscnau;  in  tbe  Ilmen  mountains,  not  far  from 
Miask;  in  tbe  gohi- washings  uortbea*t  of  Zlatoust.  Corundum,  sapphires,  and  less  often 
rubies  occur  in  roiled  pebbles  in  the  diamond  gravels  on  the  Cudgegong  river,  at  Mudgee 
and  other  points  in  New  South  Wales.  Emery  is  found  in  lar^e  bowlders  at  Naxos,  Nicaria, 
and  Samos  of  the  Greci  in  islands;  also  in  Asia  Minor.  12  m.  E  of  Epbesus,  near  Qumuch- 
dagli  and  near  Smyrna,  tissociatcd  witb  margarite,  chloritoid,  pyrite. 

In  N.  America,  in  Massttc/iusetU,  at  Chester,  with  magnetite,  diaspore,  ripidolite,  msr- 
earita,  etc.,  mined  for  use  as  emery.  In  Connecticut  near  Litchtield.  In  New  Ycrk^  at 
Warwick,  bluish  and  pink,  witb  spinel;  Amity,  in  gran,  limestone;  emery  with  magnetite 
and  green  spinel  (hercynite)  iu  Wentche^er  Co.,  near  Cruger's  Station,  and  elsewhere.  In 
New  Jersey,  at  Newton,  blue  crystals  in  gran,  limestone;  at  Vernon.  In  Pennnyltania^  io 
Delaware  Co  ,  in  Aston,  near  Village  Green,  iu  large  crystals:  at  Minenil  Hill,  iu  loose 
cryst.;  in  Chester  C  >.,  at  Unionville,  abundant  in  crystals:  in  larire  crystals  loose  in  the  soil 
at  Sliitnersviile,  Lehigh  Co.     In  Virginia,  in  the  mica  schists  of  Bull  Mt.,  Patrick  Co. 

Common  at  many  points  along  a  belt  extending  from  Virginia  across  western  North  and 
South  Carolina  and  Georgia  to  Dudlcyville,  Alabama;  especially  in  Madison,  Buncombe, 
Haywoojl,  Jackson,  Macon.  Clay,  and  Gaston  counties  in  North  Carolina.  The  localities 
at  wbicb  most  work  has  been  done  are  the  Culsri^ee  mine,  Corundum  bill.  ne«ir  Franklin. 
Macon  C;o.,  N.  C.  and  26  miles  S.  E.  of  this,  at  Laurel  Creek,  Ga.  Thi-  corundum  occurs 
in  be'fs  iu  chrysolite  (and  serpentine)  and  horn blendic  gneiss,  a-sociated  with  a  species  of 
the  chlorite  group,  also  spinel,  etc..  and  here  as  elsewhere  witb  many  minerals  resulting 
from  its  alteration.  Some  fine  rubies  liave  been  found.  Fine  pink  crystals  of  corimdnm 
occur  at  Hiawassee,  Towns  Co.,  Georgia.  In  Colorado,  small  bhie  crystals  occur  in  mica 
schist  near  Salida.  Chaffee  Co.  Gem  sapphires  are  found  near  Helena,  Montana,  iu  gold- 
washings  and  in  bars  in  the  Missouri  river,  especially  the  Eldorado  bar;  at  Togo  GulcL  on 
the  Judith  river  and  at  other  points  in  Montana.  In  California,  in  Los  Angeles  Co.,  in  the 
drift  of  San  Francisqueto  Pass.     In  Canada,  at  Burgess,  Ontario,  red  and  blue  crystals. 

HBMATITB.    Eisenglanz,  Oerm. 
Bhombohedral.    Axis  d  =  1*3656. 

er,  0001  A  1011  =  57"  37'. 
ty,  lOil  A  ilOl  =  94'  0'. 
cW,  0112  A  1012  =r  64''  51'. 


uu\  1014  A  il04 
nn',  2243  A  2423 
en,    0001  A  2243 


37*    2*. 

6V  5y. 

61'  18'. 


666. 


667. 


668. 


660. 


669. 


Twins:   tw.  pi.  (1)  /•,  penetration- twins;   (2)  r,  less  common,  nsaally 
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polysynthetic  twinning  lamellae,  producing  a  fine  striation  on  c,  and  giving  rise 
to  a  distinct  parting  or  pseudo-cleavage  |  r.  Crystals  often  thick  to  thin 
tabular  ||  c,  and  grouped  in  parallel  position  or  in  rosettes;  c  faces  striated 
II  edge  c/d  and  other  forms  due  to  oscillatory  combination;  also  in  cube-like 
rhombohedrons;  rhonibohedral  faces  u  (10l4)  horizontally  striated  and  often 
rounded  over  in  convex  forms.  Also  columnar  to  granular,  botryoidal,  and 
stalactitic  shapes;  also  lamellar,  laminae  joined  parallel  to  c,  and  variously 
bent,  thick  or  thin;  also  granular,  friable  or  compact. 

Parting:  c,  due  to  lamellar  structure;  also  r,  caused  by  twinning.  Frac- 
ture subconchoidal  to  uneven.  Brittle  in  compact  forms;  elastic  in  thin 
laminae;  soft  and  unctuous  in  some  loosely  adljerent  scaly  varieties.  II.  = 
5*5~6'5.  G.  =  4  9-53;  of  crystals  mostly  5"20-5'25;  of  some  compact  varieties, 
as  low  as  4*2.  Luster  metallic  and  occasionally  splendent;  sometimes  dull. 
Color  dark  steel-gray  or  iron-black;  in  very  thin  particles  blood -red  by  trans- 
mitted light;  when  earthy,  red.  Streak  cherry-red  or  reddish  brown.  Opaque, 
except  when  in  very  thin  laminae. 

Vnr.  1.  SpecuUir,  Luster  metallic,  and  crystals  often  splendeDt,  whence  the  name 
•peeular  iron  (Glanzeiseuerz  Germ  ).  When  the  structure  is  foliated  or  micaceous,  the 
ore  Is  called  micaceous  hematite  (Eisenglimmer  Germ.)-,  some  of  the  micaceous  varieties  are 
soft  and  uociuous  (Eiseni-ahm  Germ.).  Some  varieiies  are  magnetic,  but  probably  from 
admixed  magnetite  (Arts.  424,  426). 

2.  Compact  columnar;  or  librous.  The  mas^^es  often  long  radiatiug;  luster  submetAllic 
to  metallic;  color  brownish  red  to  iron-black.  Sometimes  called  red  hematite,  to  contrast  it 
with  limouite  and  turgite.    OTien  in  reniform  masses  with  smooth  fracture,  called  kidney  ore. 

3.  Hed  Ocherous.  Hed  and  earthy.  Reddle  and  red  chalk  are  red  ocher,  mixed  with 
more  or  less  clay. 

4.  Clay  Iran- stone ;  Argillaceous  Jiematite.  Hard,  brownish  black  to  reddish  brown, 
often  in  part  deep  red;  of  submetallic  to  unmetallic  luster;  and  affording,  like  all  the 
preceding,  a  red  streak.  It  consists  of  oxide  of  iron  with  clay  or  sand,  and  sometimes  other 
impurities. 

Comp. — Iron  sesquioxide,  Fe,0,  =  Oxygen  30,  iron  70  =  100.  Sometimes 
contains  titanium  and  magnesium,  and  is  thus  closely  related  to  ilmenite, 
p.  336. 

Pjrr..  etc. — B  B.  infusible;  on  charcoal  in  R.F.  becomes  magnetic;  with  borax  gives 
the  iron  reactions.  With  soda  on  charcojil  in  R.F.  is  reduc  ed  to  a  gray  magnetic  metallic 
powder.     Soluble  in  concentrated  hydrochloric  acid 

Diflf. — Distingtiisheil  from  mairneiite  by  its  red  streak,  also  from  limonite  by  the  same 
means,  as  well  as  by  its  not  containing  water;  from  turgite  by  its  greater  hardness  and  l>y 
not  decrepitating  )).B.  It  is  hard  in  all  but  some  micacentis  varieties  (hence  easily 
distinguished  from  the  black  sulphides) ;  also  infusHtle,  and  B.B.  becomes  strongly 
magnetic. 

*Obe. — This  ore  occui-s  in  rocks  of  all  ages.  The  specular  vnriety  is  mostly  confined  to 
crystalline  or  metamorphic  rocks,  but  is  also  a  result  of  igneous  aetion  about  some  volcanoes, 
as  at  Vesuvius.  Many  of  the  geological  formations  contain  the  argillaceous  variety  or  v.ny 
iron-stone,  which  is  mostly  a  marsh-foi-mation,  or  a  depos  t  over  the  bottom  of  shallow, 
s^Agnant  water;  but  this  kind  of  clay  iron-stone  (thnt  giving  a  red  powder)  is  less  common 
than  the  corresponding  variety  of  limonite  The  beds  that  ecrtir  in  metamorphic  rocks  are 
sometimes  of  very  great  thicknes**,  and.  like  those  of  nr  gnetite  in  the  same  situation,  have 
resulted  from  the  a'teration  of  s'ratifie<l  l)e<is  of  ore,  originally  of  marsh  origin,  which  were 
formed  at  the  same  time  with  the  enclosing  n»cks,  and  un'  erwent  metamorphism,  or  a 
chanire  to  the  crystalline  condition,  at  the  same  time. 

Beautiful  crystallizations  of  this  species  are  hrotight  from  the  island  of  Elba,  which  has 
ftffordcd  it  from  a  very  remote  period;  the  stirfaces  of  the  crystals  often  pres*  nt  an  irised 
tarnish  and  brilliant  luster.  St.  Gothard  affords  beautiful  specimens,  composed  of  crys- 
tallized tables  grouped  in  the  form  of  rosettes  (EisenrosenV.  near  Limoge«,  France,  in  large 
crystals;  fine  crystals  are  the  result  of  volcanic  nction  at  Etna  and  Vesuvius  Arendal  in 
Norway.  L&nghan  and  Nordmark  in  Sweden.  Frnmont  in  Ijf)rraine.  Dauphine,  Binnenthal 
and  Tavetsch,  Switzerland,  also  Clcator  Moor  in  Cumberland,  afford  splendid  speclmena 
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Red  hematite  occurs  iu  reniform  masses  of  a  fibrous  conceDtric  structure,  near  UlTerstODe  in 
Lancashire,  in  Saxony.  Bohemia,  and  the  Harz. 

In  N.  America,  widely  distributed,  and  sometimes  in  beds  of  yast  thickness  In  rocks  of 
tlie  ArchoBau  age,  as  in  the  upper  peninsula  of  Michigan,  in  the  Marquette  district,  also  in 
Menominee  county  and  west  of  Lake  Agogebic  in  Qogebic  county;  further  through  northern 
Wisconsin,  in  Florence,  Ashland  und  Dodge  Cos.,  and  in  Minnesota  near  Vermilion  hike, 
8t.  Louis  Co.:  in  Missouri,  at  the  Pilot  Knob  and  the  Iron  Mtn. 

In  New  York,  in  Oneida,  Herkimer,  Madison,  Wayne  Cos.,  a  lenticular  argillaceous 
var.,  constituting  one  or  two  beds  in  the  Clinton  group  of  the  Upper  Silurian;  the  same  in 
Pennsylvania,  and  as  far  south  as  Alabama;  and  in  Canada,  and  Wisconsin  to  the  west; 
in  Ahibania  there  are  extensive  beds;  prominent  mines  are  near  Birmingham.  Besides 
these  regions  of  enormous  beds,  there  are  numerous  others  of  workable  value,  either 
crystjillized  or  argillaceous.  Some  of  these  localities,  interesting  for  their  specimens,  are 
in  northern  New  York,  at  Gouverneur,  Antwerp,  Htrmon,  Edwards,  Fowler,  Canton, 
etc. ;  Woodstock  and  Aroostook,  Me. ;  at  Huwley,  Mass.,  a  micaceous  variety;  in  North  and 
South  Carolina  a  micaceous  variety  iu  schistose  rocks,  constituting  the  so-called  specular 
schist,  or  itabirite. 

.Named  hematite  fr<*m  at^a^  blood. 

Maktite  Iron  sesfjuioxide  under  an  isometric  form,  occurring  in  octahedrons  or 
dodecahedrons  like  magnetite,  and  believed  to  be  pseudomorphous  after  mag^e*ite;  perhaps 
in  part  also  after  pyritc.  Purling  octahedral  like  magnetite.  Fracture  conchoidal.  H.  = 
6-7.  G.  =  4*8  (Brazil)  to  5*8  (Monroe).  Luster  submetallic.  Color  iron-black,  sometimes 
with  a  bronzed  tarnish.  Streak  reddish  brown  or  purplish  brown.  Not  magnetic,  or 
only  feebly  so.  The  crystals  are  sometimes  embedded  in  the  massive  sesquioxi(fe.  They 
are  distinguished  from  magnetite  by  the  red  streak,  and  very  feeble,  if  any,  action  on  the 
magnetic  needle.  Found  in  the  Marquette  iron  region  south  of  Lake  Superior,  where 
crystals  are  common  in  the  ore;  Monroe,  N.  Y. ;  Digby  Co.,  N.  S. ;  at  the  Cerro  de  Mercado, 
Durango,  Mexico,  in  large  octahedrons;  in  the  schists  of  Miuas  G^raes,  Brazil;  near  Rittera- 
griin.  Saxony. 


ILMENITB  or  Menaccanitb.    Titanic  Iron  Ore.    Titaneisen  Oerm, 

Tri-rhombohedral;  Axis  d  =  1-384G. 

661.  662.  cr,   0001  A  lOll  =  57*  58i'. 

rr',  101 1  A  1101  =  94*29'. 
en,   0001  A  2243  =  61'  88'. 

Crystals      usually      thick 
tabular;    also  acute  rhombo- 
hedraL     Ofteu  in  thin  plates 
or    laminaB.     Massive,    com- 
pact; in  embedded  ^ains,  also  loose  as  sand. 

Fracture  conchoidal.  H.  =  5-C.  G.  =  4-5-5.  Luster  submetallic.  Color 
iron  black.  Streak  submetallic,  powder  black  to  brownish  red.  Opaque. 
Influences  slightly  the  magnetic  needle. 

Comp.,  Var If  normal,  FeTiO,  or  FeO,TiO,  =  Oxygen  31-6,  titanium  Sl'G, 

iron  36*8  =  100  Sometimes  written  (Fe,Ti),0,,  but  probably  to  be  regarded  as 
an  iron  titanate.  Sometimes  also  contains  magnesium  {picrotifamie),  replacing 
the  ferrous  iron;  hence  the  general  formula  (Fe,Mg)O.TiO,  (Penfield). 

Pyr.,  etc.— B.B.  infusible  in  OF.,  altlioiigh  slightly  rounded  on  the  edires  in  R.P. 
With  borax  and  salt  of  phosphorus  reacts  for  iron  in  O.F.,  and  with  the  latter  flux  assumes 
a  more  or  less  intense  brownish  red  color  in  R.F. ;  tliis  treated  with  tin  on  charcoal  changes 
to  a  violet-red  color  when  the  amount  of  titanium  is  not  too  small.  The  pulyerized  miners], 
heated  wiih  hydrochloric  acid,  is  slowly  dissolved  to  a  yellow  solution,  wliich,  filtered  from 
the  undecomposed  mineral  and  boiled  with  the  addition  of  tin-foil,  assumes  a  beautiful  blue 
or  violet  color.     Decomposed  by  fusion  with  bisulphale  of  sodium  or  i)0tas8iura. 

Diff.— Resembles  hematite,  but  has  a  submetallic,  nearly  black,  streak;  not  magnetic 
like  magnetite. 

Obs. ^Occurs,  as  an  accessory  component,  in  many  igneous  rocks  in  grains,  assuming 
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the  place  of  magnetite,  especially  in  gabbros  and  dforites.  In  these  occurrences,  it  is  often 
found  in  veins  or  large  segregated  masses  near  the  borders  of  tbe  igneous  rock  where  it  is 
supposed  to  have  formed  by  local  difterentiutiou  or  fractional  crystallization  in  tbe  molten 
muss.  Some  principal  European  looilities  are  St.  Oristoplie,  Daupbin^  (var.  eriehUmitt:); 
Minsk  in  the  Ilmen  lits.  {ilmenite);  in  tbe  form  of  sand  at  Meuaccuu,  Cornwall  {menaecan- 
iU);  Gastein  in  Tyrol  (kibdelapfiane);  Iserwiese  (Merine).  One  of  tbe  most  remaikable  is  at 
KragerO,  Norway,  wbereit  occurs  in  veins  or  beds  iudiorite,  whicb  sometimes  nffonl  crystals 
^vc'ighi^g  over  16  pounds.  Others  are  Egersund,  Arendal,  Snarum  in  Norwny;  St. 
Goiliard,  etc. 

Fine  crystals,  sometimes  an  inch  in  diameter,  occur  in  Warwick,  Amitv,  and  Monroe, 
Orange  Co.,  N.  Y.;  Litchfield,  Conn.  (wtuhingUmitt),  Vast  deposits  or  beds  of  tiianic  ore 
occur  at  Bay  Si.  Paul  in  Quebec,  Canada,  iii  syenite;  also  in  tbe  Seignory  of  St.  Francis, 
Beauce  Co.    Grains  are  found  in  tbe  gold  sand  of  California. 

The  titanic  iron  of  massive  rocks  is  extensively  altered  to  a  dull  white  opaque  subsUince, 
called  leueaxene  by  GUmbel.    Tbis  for  the  most  part  is  to  be  identified  with  titanite. 

Pyrophanite.  Manganese  titauate,  MnTiOs.  In  thin  tabular  rbombobedral  crystals 
and  scales,  near  ilmenite  in  form  (p.  332).  II.  =  5.  G.  =  4*537.  Luster  vitreous  to  sub- 
metallic.  Color  deep  blood  red.  Streak  ocber-yellow.  From  tbe  Uarbtig  mine,  Pajsberg, 
Sweden. 


HI.    Intermediate  Oxides. 


The  species  here  included  are  retained  nmong  the  oxides,  although 
chemically  considered  they  are  properly  oxygen-salts,  alurainates,  ferrates, 
manganates,  etc.,  and  hence  in  a  strict  classification  to  be  placed  in  section  5 
of  the  Oxygen-salts.    The  one  well-characterized  group  is  tlie  Spinel  Group. 


II  ni  n       m 


Spinel  Group.     ER,0,  or  KO.R,0,.    Isometric. 

Spinel  MgO.Al^O. 

Ceylonite  (Mg.Fe)O.Al,0, 

Chlorospinel  MgO.  ( Al,Fe),0, 

Picotite  (Mg,Fe)0.(Al,Cr),0, 

Hercynite  FeO.Al,0. 

Oahnite     (Automolite)  ZnO.Al,0, 

Dysluite  (Zn,Fe,Mn)0.(Al,Fe),0, 

Kreittonite  (Zn,Fe,Mg)0.(Al,Fe),0, 

Magnetite  FeO.Fe,0, 

(Fe,Mg)O.Fe,0. 

Magnesioferrite  MgO.Fe,0, 

Franklinite  (Fe,Zn,Mn)0.(Fe,Mn),0, 

Jacobsite  (Mn,Mg)0.(Fe,Mn),0, 

Chromite  FeO.Cr,0, 

(Fe,Mg)0.(Cr,Fe),0. 

The  species  of  Spinel  Group  are  characterized  by  isometric  crystallization, 
and,  further,  the  octahedron  is  throughout  the  common  form.  All  of  the  species 
are  hard;  those  with  unmetallic  luster  up  to  7*5-8,  the  others  from  5*5  to  6*5. 
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8PINBL. 

Isometric.    XJsnaily  in  octahedrons,  rarely  cubic.      Twins:    tw.-pl.   and 

comp.-face  o  common  (Fig.  663),  hence 
^^^'  ^^^  often    called    spinel-twins;  also   re- 

peated and  polysjnthetic,  producing 
tw.  lamellae. 

Cleavage:  o  imperfect.  Fracture 
conchoidal.  Brittle.  H.  =8.  G.  = 
3^-41.  Luster  vitreous;  splendent 
to  nearly  dull.  Color  red  of  various 
shades,  passing  into  blue,  green,  yellow, 
brown  and  black;  occasionally  almost 
white.  Streak  white.  Transparent  to 
nearly  opaque.     Refractive  index:  «y  ~  1*7155  Na,  Dx. 

Comp.,  Tar.— Magnesium  alnminate,  MgAl,0^  or  MgO.Al,0,  =  Alumina 
71*8,  magnesia  28-"^  =-  100.  The  magnesium  may  be  in  part  replaced  by 
ferrous  iron  or  manganese,  and  the  aluminium  by  ferric  iron  and  chromium. 

Var.— Ruby  Spinbl  or  Magnesia  Spinel. — Clenr  red  or  reddish ;  transpni-eDt  to  IraDS- 
liiceiit;  sometimes  subtniuslucent.  G.  =  3*63-3*71.  Composiiion  normal,  wiih  little  or  no 
irou,  and  sometimes  chromium  oxide  to  which  the  'red  color  has  been  ascribed,  llie 
varieties  are:  (a)  Spinel  Ruby,  deep  red;  {b)  Baloi-Rvhy^  rose- red;  {c)  Rubicelle,  yellow  or 
orange-red;  {d)  Almandine,  violet. 

Cbtlonitb  or  Pleonaste,  Irori'Ma^inena  Spinel.— Color  dark  green,  brown  to  black, 
mostly  opaque  or  nearly  so;  G.  =3*5-3*6.  Contains  iron  replacing  tiie  magnesium  and 
perhaps  also  the  aluminmm,  hence  the  formula  (Mg,Fe)0.  AUOs  or  ^Mg,Fe)0.(Al,Fe)sOs. 

Chlorospinel  or  Magnesia-Iron  Spinel. — Color  grass  green,  owm^  to  the  presence  of 
copper;  G.  =  3*591-3*594.     Contains  iron  replacing  the  aluminium,  MgO.(Al,Fe)sOs 

PicoTiTB  or  Chrome- Spinel. — Contains  chromium  and  also  has  the  magnesium  largely 
replaced  by  iron,  (Mg.Fe)0.(Al,Cr)90j,  hence  lying  between  spinel  proper  and  chromito. 
G.  =  4*08.    Color  dark  yellowish  brown  or  greenish  brown.     Translucent  to  nearly  opaque. 

Pyr  ,  etc. — B.B.  alone  infusible.  Slowly  soluble  in  borax,  more  readily  in  salt  of 
phosphorus,  with  which  it  gives  a  reddish  bead  while  hot,  becoming  faint  chrome-greeu 
on  cooling.  Black  varieties  dve  reactions  for  iron  with  the  fluxes,  soluble  with  difilculty 
in  concentrated  sulphuric  acul.     Decomposed  by  fusion  with  potassium  bisulphate. 

Diff. — Distinguished  by  its  octahedral  form,  hardness,  and  infusibilil^;  zircon  has  a 
higher  specific  gravity;  the  true  ruby  (p.  838)  is  harder  and  is  distiuguislied  optically; 
garnet  is  softer  and  fusible. 

Obs  —Spinel  occurs  embedded  in  granular  limestone,  and  "  ith  calcite  in  serpentine. 
gneiss,  and  allied  rocks.  Ruby  spinel  is  a  common  associate  of  the  true  ruby.  Common 
spinel  is  often  associated  with  chondrodite.  It  also  occupies  the  cavities  of  masses  ejected 
from  some  volcanoes.  Spinel  (common  spinel,  also  picotite  and  chromite)  occurM  as  an 
accessory  constiiuent  in  many  basic  igneous  rocks,  especially  those  of  the  peridotite  group  ; 
it  is  the  result  of  the  crystallization  of  a  magma  very  low  in  silica,  high  in  magnesia  and  con- 
taining alumina;  since,  as  in  many  of  the  peridotites  alkalies  are  absent,  feldspars  cannot 
form,  and  the  AlaOs  and  Cr,0i(a1so  FenOj  perhaps)  are  compelled  to  form  spinel  (or  corun- 
dum).    The  serpentines  which  yield  spinel  are  altered  peridotites 

In  Ceylon,  in  Siam.  and  other  eastern  countries,  occurs  of  beautiful  colors,  as  rolled 
pebbles;  in  upper  Burma  with  the  ruby  (cf.  p.  834).  Pleonaste  is  found  at  Candv.  in 
Ceylon;  at  Aker,  in  Sweden,  a  pale  blue  and  pearl  gray  variety  in  limestone;  small  black 
snlendent  cr3r8tals  occur  in  the  ancient  ejected  masses  of  Monte  Somma;  also  at  Pargas, 
Finland,  with  chondrodite.  etc  ;  in  compact  gehlenite  at  Monzoni,  In  the  Fassa  valley. 

From  Amity,  N.  Y.,  to  Andover,  N.  J.,  a  distance  of  about  80  miles,  is  a  region  of 
gninular  limestone  and  serpentine,  in  which  loralities  of  spinel  abound;  colors,  greeo, 
black,  brown,  and  less  commonly  red,  along  with  chonorodite  and  other  minerals. 
L'lcalities  are  numerous  about  Warwick,  and  also  at  Monroe  and  Cornwall :  GouYemenr. 
2  m  N.  and  f  m.  W.  of  Somerville,  St.  Lawrence  Co.;  green,  blue,  and  occasionally  red 
varieties  occur  at  Bolton,  Boxborough.  etc..  Ma.<vt.  Franklin,  N.  J.,  affords  crystals  cf 
various  shades  of  black,  blue,  green,  and  red;  Newton,  Sterling.  Sparta.  Hamburgh  and 
Vernon,  N.  J.,  are  other  localities.    With  the  corundum  of  North  Carolina,  as  at  the 
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Culsagee  mine,  near  Fnoklln,  Hscou  Co.;  sttnilarly  &t  Dudleyfllle,  Alubama.  Spinel 
ruby  at  Gold  BluS,  Humboldi  Co.,  Cal. 

Good  black  splael  1b  Touad  m  Burg«u,  Oiitarioi  i  blulsli  spinel  haviujr  a  roiigli  cubic  form 
occun  at  Wakefield,  Ottawa  Co.;  blue  nlili  cliuluulte  ut  Daillebout,  JolielteCo.,  Quebec. 

HarcynlU.  Iroa  Bplnel,  FeAliOi-  Isouietrlci  maMive,  line  granular.  H.  =  7'S-8. 
Q.  =  391-8  96.  Color  black.  Frum  RuDsberg.  at  Ibe  eaateru  fout  of  the  BOhmerwold. 
A  related  Iron -alumina  spiuel.  «ltb  ubotit  9  p.  c.  HgO,  occurairlth  magnetite  and  corundum 
io  Cortlaadt  tuwnsblp,  WntcliMieT  Co..  N.  Y. 

aAHNTTB.     Ziuc-8pinel. 

Isometric.  Habit  octahedral,  often  witn  facea  striated  |  edge  d/o;  also 
less  commonly  in  dodecaliedrons  and  modified  cubes.    Twins:  tw.-pl.  o. 

Cleavage:  o  indistinct.  Fracture  couclioidal  to  uneven.  Biittle.  H.  = 
7-5-8.  G.  =  4-0-4'6.  Luster  vitreous,  or  Bomewhat  greasy.  Color  dark  green, 
grayish  greeni  deep  leek-green,  greenish  black,  bluish  black,  yellowish,  or 
grayish  brown;  streak  grayish.     Sab  transparent  to  nearly  opaque. 

Conp.,  Tar. — Zinc  alnminato,  ZnAJ,0,  =  Alumina  557,  zinc  oxide  44 '3  = 
100.  The  sine  is  sometimes  replaced  by  manganese  or  ferrous  iron,  the 
aluminium  by  ferric  iron, 

V«r.— AUTOMOLITK,  or  Zinc  (?itAni(e.— ZnAl,Ot,  with  BOmellmes  a  Uule  iron.  G.  =  41- 
4'6.     ColiiTB  as  above  giren. 

DTSLniTB,  or  ZiiK-Manffantttlrm  QoAn^.— (ZD,Fe,Hu)0.(Al,Fe)(Oi.  Color  yellow, 
tsli  brown  or  grayish  brown.     Q.  =  4-4  0. 

KRBnroNiTB,  or  Zine  Iran  Uo/inil^.— <ZiiF«.Hg)0.(Al,Fe),0..  In  crjstnli,  and 
granular  massive.  H  =7-8.  G.  =  4'48-4-U9.  Color  velvel-black  to  greenbh  black; 
powikT  grayish  ereta.     Opaque. 

Pyr.,  etc. — Qlvea  a  coatiug  of  zinc  oxide  wben  treated  with  a  misture  of  borax  and 
BO<lii  (in  cLnrcoal;  otberwlse  li^  spinel. 

Obi.— Occurs  iu  talcose  schisi  at  Falun,  Sweden  {nutomoliU);  at  Tirinla.  Cnlabrla;  at 
Biideuinnls,  Biivariik  {krutlonite);  Min:ts  Geraes.  Bnizil.  In  the  U.  S.,  at  Franklin  Furnace, 
N.  J.,  with  finnktiniti-  and  willemiic:  also  at  Sterling  Hill,  N.  J.  (dytluiU);  with  pyrite  at 
Itowe.  Mits». :  nt  a  feldspar  quarry  in  DeUvare  Co.,  Peuu.;  sparingly  al  tlie  Deake  mica 
mine.  Hilcbell  Co..  N.  C  ;  at  the  Ciiiilon  Mine,  Georgai  nilh  galena,  cbalcopyrfle,  pyrite 
ut  Ibe  Cotopaii  mine.  Cbuffee  Co.,  Colo. 

Named  after  the  Swedish  chemist  Osbn.  The  name  Aufoniofjtt,  nf  Ekeberg,  Is  from 
avrofioXoi,  a  daerUr,  alluding  to  the  fiict  of  the  zinc  occurring  in  an  unexpected  place. 

aCAQHBTITB.     Hugnetic  Iron  Ore.    Hagneteisensleln,  Hignetelacnerz. 
Isometric     Most  commonly  in  octahedrons,  also  in  dodecahedrons  with 
faces  striated  |  edge  d/o  trom  oscillatory  combination;  in  dendrites  between 
fifi6.  061.  MS. 


plates   of   mica ;    crystals  sometimes   highly   modified  ;     cable  forms  rare. 
Twins :    tw.-pl.  o,  sometimes    as  polysynthetic  twinning  lamellee,  producing 
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striations  on  an  octahedral  face  and  often  a  pseudo-cleavage  (Fig.  456,  p.  136). 
Massive  with  laminated  structure;  granular,  coarse  or  fine;  impalpable. 

Cleavage  not  distinct ;  parting  octahedral,  often  highly  developed. 
Fracture  subconchoidal  to  uneven.  Brittle.  H.  =  o*5-6*5.  G.  =  5*168-5-180 
crystals.  Luster  metallic  and  splendent  to  submetallic  and  rather  dull.  Color 
iron-black.  Streak  black.  Opaque,  but  in  thin  dendrites  in  mica  nearly 
transparent  and  pale  brown  to  black.  Strongly  magnetic;  sometimes  possess- 
ing polarity  (lodestone). 

n    m 

Comp.,  Var. — FeFe^O^  or  FeO.Fe,0,  =  Iron  sesquioxide  69'0,iron  protoxide 
31-0=  100;  or,  Oxygen  27*6,  iron  72  4  =  100.  The  ferrous  iron  sometimes 
replaced  by  magnesium,  and  rarely  nickel;  also  sometimes  contains  titanium 
(up  to  6  p.  c.  TiOJ. 

Var. — Ordiwiry. — {a)  lu  cryslals.  (6)  Massive,  with  pseudo-cleavage,  also  grnuular, 
course  or  flue,  (c)  As  loose  sand,  {d)  Ocberous:  a  black  earthy  klud.  Ordinary  mngnelite 
is  attracted  by  a  magnet  but  lias  no  power  of  attracting  panicles  of  iron  iiself.  The  property 
of  polarity  which  distinguishes  the  lodestone  (less  pro|>erly  written  loadstone)  U  exceptional. 

Magnenan.  Talk-£isenerz. — G.  =  4'41-4'42;  luster  submetallic;  weak  magnetic;  in 
crystals  from  Sparta,  N.  J.,  and  elsewhere. 

^fangar^esian.—Conla^^nng  3'8  to  6  3  p.  c.  manganese  (Manganmagnetite).  From 
Vester  Silfberg.  Sweden. 

Pyr.,  etc.— B  B.  very  difficultly  fusible.  In  OF.  loses  its  influence  on  the  magnet. 
With  the  fluxes  reacts  like  hematite.     Soluble  in  hydrochloric  acid. 

Diflf. — Distinguished  from  other  members  of  the  spinel  group,  as  also  from  garnet,  by  its 
being  attracted  by  the  magnet,  as  well  as  by  its  high  specific  gravity;  frankliniteand  chromite 
are  only  feebly  magnetic  (if  at  all),  and  have  a  brown  or  blackish-brown  streak;  also,  when 
massive,  by  its  black  streak  from  hematite  and  liuionite;  much  harder  than  tetrnhe<irite. 

Obs. — Magnetite  is  mostly  confined  to  crystalline  rocks,  and  is  most  abundant  in  meta- 
morphic  rocks,  though  widely  distributed  also  in  grains  in  eruptive  rocks.  In  the  Archsenn 
rocks  the  beds  are  of  immense  extent,  and  occur  under  the  same  conditions  ns  those  of 
hematite.  It  is  an  inirredient  in  most  of  the  massive  variety  of  coriindum  called  emery. 
The  earthy  magnetite  is  found  in  bogs  like  bog-iron  ore.  Occurs  in  meteorites,  and  forms 
the  crust  of  meteoric  irons. 

Present  in  dendrite-like  forms  in  the  mica  of  many  localities  following  the  direction  of 
the  lines  of  the  percussion-figure,  and  perhaps  of  secondary  oriirin.  A  common  alteration- 
product  of  minerals  containing  iron  protoxide,  e.g.,  present  in  veins  in  the  serpentine 
resulting  from  altered  chrysolite. 

The  beds  of  ore  at  Arendal,  Norway,  and  nearly  all  the  celebrated  iron  mines  of 
Sweden,  consist  of  massive  magnetite,  as  at  Danncmora  and  the  Taberg  in  Smdiand.  Falun, 
in  Sweden,  and  Corsica,  afford  octahedral  crvst^Mls,  embedded  in  chlorite  slate.  Splendid 
dodecahedral  crystals  occur  at  Nordmark  in  Wcrmland.  The  most  j  owerful  native 
m-iirnets  are  found  in  Siberia,  and  in  the  Harz;  they  are  also  obtained  on  the  island  of 
Elba.  Other  localities  for  the  crystallized  mineral  are  Traversella  in  Piedmont;  Achma- 
tovsk  in  the  Ural;  Scalotta.  near  Predazzo,  in  Tyrol,  also  liothenkopf  and  Wildkreuzjoch; 
the  Binnenthal,  Switzerland. 

In  N.  America,  it  constitutes  vast  beds  in  the  Archaean,  in  the  Adirondack  region, 
Warren,  Essex,  an(i  Clinton  Cos  ,  in  Northern  N.  York,  while  in  St.  Lawrence  Co.  the  iron 
ore  is  mainly  hematite;  fine  crvstals  and  masses  showini^  broad  partinc:  surfaces  and  yield- 
ing large  pseudo-crystals  are  obtained  at  Port  Henry,  Essex  Co.;  similarly  in  New  Jersey; 
in  Canada,  in  Hull,  Grenville.  Madoc,  etc. ;  at  Cornwall  in  Pennsylvania,  and  Maimet 
Cove,  Arkansas.  It  occurs  also  in  N.  York,  in  Saratoga,  Herkimer,  Onmge.  and  Putnam 
Cos  ;  at  the  Tilly  Foster  iron  mine.  Brewster,  Putnam  Co.,  in  cryst'ds  and  massive  accom- 
panied by  chondrodite.  etc.  In  N.  Jersty.  at  Hamburg,  »'ear  F^nklin  Furnace  and  else- 
where. In  P<gnn.,  at  Goshen.  Chester  Co.  and  at  the  French  Creek  mines;  delineations 
forming  hexagonal  figures  in  mica  at  Pennsbnry.  Good  l«»destones  are  obtained  at  Magnet 
Cove.  Arkansas.  In  California,  in  S'erra  Co  ,  abundant.  ma.s«ive,  and  in  cr^'stals;  in 
Pbimas  Co.;  and  elsewhere.     In  Wnf^hington,  in  large  deposits 

Named  from  the  loc.  Magnesia,  bordering  on  Macedonia.  But  Pliny  favors  Nicnnder's 
derivation  from  Magnes.  who  fir-t  discovered  it,  as  the  fable  runs,  by  findine,  on  taking  bis 
herds  to  pasture,  that  the  nails  of  his  shoes  and  the  iron  ferrule  of  his  staff  adhered 
to  the  ground. 
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FRANKLIKim. 


Isometric.  Habit  octahedral;  edges  often  ronnded,  and  crystals  passing 
into  rounded  grains.     Massive,  granular,  coarse  or  fine  to  compact. 

Pseu  do -cleavage,  or  parting,  octahedral,  as  in  magnetite.     Fracture  con- 
choidal  to  uneveu.    Brittle.    H.  =  5-5-6*5.    G.  =  507-5*22.     Luster  metallic,- 
sometimes  dull.     Color  iron-black.     Streak  reddish  brown  or  black.     Opaque. 
Slightly  magnetic. 

Comp,— (Fe,Zn,Mn)0.(Fe,Mn),0„  but  varying  rather  widely  in  the  relative 
quantities  of  the  different  metals  present,  while  conforming  to  the  general 
formula  of  the  spinel  group. 

Pjrr.,  etc.— B.B.  infusible.  With  borax  in  O.F.  gives  a  reddish  ametbystiiie  bead 
(maugauese),  and  in  R.F.  this  becomes  bottle-green  (iron).  With  sotla  gives  a  bhn'sh  greeo 
maugauate,  and  on  charcoal  a  faint  coating  of  ziuc  oxide,  which  is  n.uch  more  marked 
"When  a  mixture  with  borax  and  soda  is  used.  Soluble  in  hydrochloric  acid,  sometimes 
with  evolution  of  a  small  amount  of  chlorine. 

Diff.— Resembles  magnetite,  but  is  only  slightly  attracted  by  the  magnet,  and  has  a  dark 
brown  streak;  it  also  reacts  for  zinc  on  charcoal  B.B. 

Obs.— Occurs  in  cubic  crystals  near  Eibach  in  Nassau;  in  nmorphous  masses  at  Alten- 
berg.  near  Aix-la-Chapelle.  Abundant  at  Mine  Hill,  Franklin  Furnace,  N.  J.,  wiih  willcm- 
ite  and  zincite  in  gninular  limestone;  also  at  Sterling  Hill,  two  miles  distant,  associated 
"with  willemite. 

Magnesioferrite.  Magnoferrite.  MgFe04.  In  octahedrons.  H.  =  6-6*5.  6.  =  4'568- 
4*654.  Luster,  color,  and  streak  as  in  magnetite.  Strongly  magnetic.  Formed  about  the 
fumaroles  of  Vesuvius,  and  especially  those  of  the  eruption  of  1855. 

Jacobsite.  (Mn,Mg)0.(Fe.Mn)«Os.  Isometric;  in  distorted  octahedrons.  H.  =  6.  G.  = 
4*75.  Color  deep  black.  Magnetic.  From  Jakobsberg,  in  Nordmark,  Wermland,  Sweden; 
also  at  L&ngban. 

OEDEIOMITII. 

Isometric.    In  octahedrons.    Commonly  massive;  fine  granular  to  compact. 

Fracture  uneven.  Brittle.  H.  =  5*5.  6.  =  4*32-4'57.  Luster  submetallic 
to  metallic.  Color  between  iron-black  and  brownish  black,  but  sometimes 
yellowish  red  in  very  thin  sections.  Streak  brown.  Translucent  to  opaque. 
Sometimes  feebly  magnetic. 

Comp. — FeCr,0^  or  FeO,Cr,0,  =  Chromium  sesquiozide  68'0,  iron  protoxide 
32-0  =  100. 

The  iron  may  be  replaced  by  magnesium  ;  also  the  chromium  by  aluminium 
and  ferric  iron.  The  varieties  containing  but  little  chromium  (up  to  10  p.  c.) 
are  hardly  more  than  varieties  of  spinel  and  are  classed  under  picotite,  p.  338. 

Pyr.,  etc.— B.B  in  OF.  infusible:  in  R.F.  sHuhtly  rounded  on  the  edges,  and  becomes 
magnetic  With  borax  and  salt  of  phosphorus  gives  beads  which,  while  hot.  show  only  a 
reaction  for  iron,  but  on  cooline  become  chrome-crreen :  the  green  color  is  he'ghtened  by 
fusion  on  clmrcoal  with  metallic  tin.  Not  acted  upon  by  acids,  but  decomposed  by  fusion 
with  potassium  or  sodium  bisulphate. 

Diflf.— Distiniruishrd  from  mngnetite  by  feebly  magnetic  properties,  streak  and  by  yield- 
ing the  reaction  for  chromic  acid  with  the  blowpipe. 

Obe. — Ocrurs  in  serpentine,  forming  veins,  or  ''n  eml)edded  mns-es.  It  assists  in  giving 
the  variecrnted  color  to  verde-nntic^ue  mnrble.  Not  \mcommon  in  meteoiic  irons,  sometimes 
in  nodules  nn  in  the  Cnahuiln  iron,  less  often  in  crystals  (Lodnin). 

Occurs  in  the  Gnlsen  mr»untnin.s.  near  Kmnbai  in  Styrin:  in  crystals  in  the  islands  of 
Unst  nnd  Kothir.  in  Sbetlnnd:  in  fh**  ]m>vince  of  Trondhjeni  in  Norway;  in  the  Department 
dn  Var  in  France;  in  Sih  si.i  nnd  Bolienn'a;  abundant  in  Asia  Minor:  in  the  Eastern  and 
Western  Urals;  in  New  Caledonhi,  affording  ore  for  commerce. 

At  Bnltimore,  Md.,  in  the  Bare  Hills,  in  veins  or  masses  in  serpentine:    also  in  Mont- 

Somerv  Co..  etc.     In  Pennsylvanin,  Chester  Co.,  near  Unionville.  nbundant;   at  Wood's 
line,  near  Texas,  Lancaster  Co.,  very  abundant    Massive  and  in  crystals  at  Hoboken,  N. 
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OHRTSOBBRTI..    C;mopliaDe. 
Orthorhombic.     Axes  d:h:i=:  0-4701  :  1 :  0-5800. 
670. 
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Twidh:  tw.  pi.  f3  f031),  both  contact-  and  peDetration-twins;  often  repeated 
and  forming  paeudo-iiexagonal  cryatiila  with  or  without  re-entrant  angled  (Fig. 
357,  p.  13'>),  OrygtaU  generally  tabular  ||  a.  Face  a  striated  vertically,  ia 
twins  a  (eather-like  striation  (Fig.  670). 

CleuTiige:  i  (OH)  quite  distinct;  A  imperfect;  «  more  so.  Fractiii'e  uneven 
to  coiichoidal.  Brittle.  H.  —  8b.  G.  —  3-5-3a4,  Luster  viti-eoiia.  Color 
asparagus- green,  grass-green,  em emld -green,  greenish  white,  and  yellowish 
greon;  greenish  brown;  yellow;  sometimes  raspberry-  or  columbine-red  by 
transmitted  light.  Sireak  uncolored.  Transpaieut  to  translucent.  Some- 
times a  bluiab  opalescence  or  chatoyancy,  and  asteriatcd.  Pleochroic  vibra- 
tions II  b  (=  i)  oninge-vellow,  c  (=  6)  emerald -green,  a  (=  d)  columbine-red. 
Optically +.     Ax.  pi.  (I  6.     BxJ.c.     /3  =  l'T484.     2E  =  84"  43'. 

Tar.  1.  Ordinafy.— Color  pale  gri;en,  being  colored  by  Iron:  also  yellow  nnd  traDsparent 
BD(]  (hen  used  as  a  gem. 

2.  AlesandriU. — Color  enieralit-greeo.  but  columbine-red  by  Iransmilled  llfcbl:  valued  as 
a  gem.  U.  =  3  644,  mi^an  of  resiiTts.  Supposed  in  be  colored  by  i  hvomlum.  Crystals 
oflen  very  lurge,  niid  in  Iwlus,  like  Fig.  357.  eltber  sIx-Kided  or  six  rayed. 

8.  Cat't-«s/e,—C<iiar  greenish  and  I'lbibllfng  a  fine  clmioyiinl  effecl:  from  Ceylon. 
Coup. — Beryllium    aluniiuate,    BeAl,0,   or    BeO.Al.O,  =  Alumina    80  2, 
glncina  19-8  =  100. 

Pyr.,  etc.— B.B.  alone  unaltered:  willi  sods,  the  Biirfnw  is  merely  rendered  dull  With 
borux  or  siilt  of  pbnspliorus  fuses  wlili  great  dlfficiiliy.  With  cobalt  soliUlon,  Ibe  powdered 
mloeril  giv-s  a  bluisii  color.    Not  aiiuckeil  by  aclits 

Diff.— DMinguisbed  by  i's  extreme  harditpss.  fcrealer  than  tlial  of  topnz:  by  its  lufufl- 
bllity:  also  cliarneterlzed  by  irs  tabular  cryslnltizntion.  in  cnnlmft  wirh  beryl. 

Oba.— lu  MIdss  Geiaes.  Brazil,  mid  also  in  Ceylon,  in  rolled  pebbles;  li'  Mamcliendorr 
Id  Homviii.  in  tlie  Ural,  G9  versts  fnim  Ekaterinburg,  in  niici  nln'e  with  beryl  nnd  phenaclte. 
tbe  varlely  o^aninrfnie;  in  the  Orenbuvg  district,  3.  Ural,  yellow:  in  the  Hoiime  Mts., 
Ireland, 

In  tlie  U.  8..  at  Hifldnm.  Ct.,  in  pranlle  Irnversinp  RneiHs.  with  tourmallDe.  mmet, 
beryl;  at  Greeiitield.  neiir  Saratoga,  N.  Y.,  witb  tourmalliif.  gnmet.  and  aiiatlte;  Norway, 
Me.,  ill  gninite  with  garnei;  al^oal  Stonehnm,  wilh  flliroUle.  etc. 

Chrywbtryl  is  from  XP'"'^"^-  BoMen,  ffi}avXXnf,  btryl.  Cymoithjine,  from  Kvua,  wt», 
find  tPixivaa,  appear.  nllndi'S  to  n  peciilliir  opalescence  tbe  crystals  sometimes  exhibit. 
AUraadriie  is  after  llie  Czar  of  Itussia.  Alexnnder  I. 

Haiumaiinlte,  MniO,  or  MnO.M,Oi.  In  letnicronal  ootnhe'irnnn  and  twins  (Fl?.  87(1, 
p.  riS):  alsiigmnnlarninss'lve.  partieloHstronply  coiiirent.   H.  =  S-S'S.   O  =  4'8M.   Luster 
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Minfam.  Mennige  Germ,  PbsO*  or  2PbO  PbOi.  FulveruleDt,  as  crystallioe  scales. 
G.  =  4*tt.  Color  vivid  red,  mixed  with  yellow;  stretik  orunge-yellow.  Occurs  at  Bieialf 
in  the  £ifel;  Baden weiler  in  Baden,  etc. 

Orednerita.  CutMn«0*  or  8Cu0.2MdsO>.  Foliated  crystalline.  H.  =  4*5.  G.  =  4*9- 
5*1.  Luster  metallic  Color  iron-black  to  steel-gray.  Streak  black,  browuisb.  From 
Friedricbsrode. 

Psendobrookite.  Probably  Fe4(Ti04)s.  Usually  in  minute  ortborhombic  crystals, 
tabular  |  a  and  often  prismatic  |  S.  G.  =  4*4-4  98.  Color  dark  brown  to  black.  Streak 
ocber-yellow.  Found  with  byperstbene  (szaboite)  in  cavities  of  the  audesite  of  Anmver 
Berg,  Tniusylvania,  and  elsewhere;  on  recent  lava  (1872)  from  Vesuvius;  at  Havredal, 
Bamle.  Norway,  embedded  in  kjerulfine  (wagnerite;  altered  to  apatite. 


BRAUNTTE. 

Tetragonal.  Axis  6  =  0*9850.  Commonly  in  octahedrons,  nearly  isometric 
in  angle  (pp'  =  70"  7').     Also  massive. 

Cleavage:  p  perfect.  Fracture  uneven  to  subconchoidal.  Brittle.  H.  =  6- 
6*5.  G.  =  4-75-4*82.  Luster  submetaliic.  Color  dark  brownish  black  to  steel- 
gray.     Streak  same. 

Comp.— 3Mn,0,.MnSiO,  =  Silica  10*0,  manganese  protoxide  11*7,  man- 
ganese sesquioxide  78*3  =  100. 

P3rr..  etc. — B.B.  infusible.  Witb  borax  and  salt  of  pbospborus  gives  an  ametbystine 
bead  in  OF.,  becoming  colorless  in  R  F.  With  soda  gives  a  bluish-green  bead.  Dissolves 
in  hydrochloric  ncid  evolving  chlorine,  and  leaving  a  residue  of  gelatinous  or  flocculent  silica 
(Rg.)-     Mnrceline  gelatinizes  with  acids 

Ob«. — Occurs  in  veins  traversing  porphyry,  at  Oehrenstock,  near  Ilmenau;  near  Ilefeld 
in  the  Harz;  St.  Marcel  in  Piedmont;  at  Elba;  at  B()tiie<ial.  Upper  Tellemark.  in  Norway; 
at  the  manganese  minos  of  Jnkobsberir,  Sweden,  also  nt  L&ns^ban,  and  at  the  Sj5  mine, 
Grytliytian,  Orehro.     Mtireeline{\\G\eYoc\\\\ii\  from  Si.  Marcel,  Piedmont,  is  impure  brauuite. 

Bizbyite.  Essentially  FeO.MnO,  In  bl-ck  ii^oir.eiric  crystals.  H.  =  6-6.5.  G.  = 
4*945.    Occurs  with  topaz  in  cavities  in  rhyoiite;  from  Utah. 


IV.  Dioxides,  RO,. 
Riitile  Group.     Tetragonal. 

CasBiterite        SnO,         0-G723  Entile  TiO,         06442 

Polianite  MnO,        0*6647  Plattnerite        PbO,        0*6764 

The  RuTiLE  Group  includes  the  dioxides  of  the  elements  tin,  manfi^anese, 
titanium,  and  lead.  These  compounds  crystallize  in  the  tetragonal  system 
with  closely  similar  angles  and  axial  ratio;  furthermore  in  habit  and  method 
of  twinning  there  is  much  similarity  between  the  two  best  known  species 
included  here. 

With  tlie  Rutile  Group  is  also  pome'imes  included  Zircon,  ZrO,  SiO,;  h  =  0-6404. 
In  this  work,  however.  Zircon  is  classed  among  tlie  silicates,  with  the  allied  species  Thorite, 
ThO,.SiO,.  h  =  06402. 

A  tetniironal  form,  approximnting  closely  to  that  of  the  species  of  the  Butile  Group, 
helonps  also  to  a  number  of  other  species,  ns  Sellaite,  MgFa;  Tapiollte,  Fe(Ta,Nb)«Oe: 
Xenotime,  YPO^.  etc. 

It  may  be  added  that  ZrOa,  as  the  species  Baddeleyite,  crystallizes  in  the  monoclinic 
system. 
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OASSITERtTZI.    Tln-sioDS,  Tin  Ore.    ZJDiutelD  Gtrm. 
Tetmgoual.     Axis  d  =  0-6T23, 

871.  «7a. 


rf.  101  A  on  =  46'  ay.  «M,    110  a  hi  =  4C°  27'. 

<e".  101  A  101  =  67-  SV.  or.     821  A  281  =  30°  SSJ'. 

«»',  111  A  ill  =  58'  19".  «"',  321  A  aai  t=  Gl"  42". 

m".  111  A  ill  =  87'    7', 
Twins  common:   tw.  pi.  e,  both  contact-  and  penetration  twins  (Fie.  673, 
also  Fig.  373,  p.  134);  often  repeated.    Cryslals  low  pyramidal;  also  pnGmatic 
and  acutely  terminated.    Often  in  reniform  shapes,  Btructure  fibrous  divergent; 
aUo  masBive,  granular  or  impalpable;  in  rolled  grains. 

Cleavjige:  a  imperfect;  .■*  (HI)  more  bo;  m  hardly  distinct.  Fracture 
subconchoidal  to  uneven  Brittle.  H.  ^  6-7.  G.  =  6'8-71.  Luster  ada- 
mantine, and  crystals  usually  splendent.  Color  brown  or  black;  sometimes 
red,  gray,  white,  or  vellow.  Streak  white,  grayish,  brownish.  Nearly  trans- 
parent to  opaque.  Optically  +.  Indices:  w,  =  1-9966,  e,  =  2'0934. 
Tar. — Ordinary    Tin  sloue.     In  ciysials  and  massive. 

Wood-tin  (Holzzhiiierz  Otrm.).  In  botrjoidal  nni!  icDlform  ehnpes,  c^uceutric  In  sinic- 
Uire,  and  iR<liiilcd  flbrouH  tntcmnllT,  altliougli  very  ci)ni]'art,  wilb  the  color  bronuith,  of 
mixed  shades.  lonkinf;  •nmcwlmr  like  dry  wotd  In  lis c loi-a.  Tond't-eyr  tin  is  the  UDie,  on 
N  sninller  scale.  Stream  tin  \s  llii:  oi'e  Iti  tliu  slule  of  sand,  as  it  orcura  along  Ibe  beds  oF 
streaiua  ur  it)  prnvel. 

Comii.— Tin  dioxide.  SnO,  =  Oxygen  21-4,  tin  78-6  =  100.  A  little  Ta,0, 
is  sometimes  present,  also  Fe,0,. 

Pyr.,  etc  — B.B.  ntnn(>  iinnlterc^.  On  charcotd  with  soda  reduced  lo  meialllc  tin,  and 
frivn  a  wblti-  rontinfr.  WIrb  tbe  fluxes  gonietimes  gives  reactions  for  iron  and  DiaogaDeae. 
Only  sligbily  ncted  upon  by  ncids. 

Difi.— DisiinL-iiivlied  by  imhipli  specific  previiy.  hnrdness,  infiisibilliy.  and  by  fis  yield, 
iog  metnllir  tin  B  B  :  renemhles  itonie  vnrlelies  af  gariii-t.  s)>liH]triie,  imd  biHck  tounnaliiic. 
Speclflc  gravity  (6  B)  liicber  than  Ihal  of  rulilt  (41:  wnlframltp  is  eiiMly  fiitlble, 

Oba. — Occurs  in  veins  lraversi»(r  jirniiilie.  gneiss,  mica  wliist,  chlorite  or  clay  schlsl.  and 
porphyry:  also  In  finely  reiiriilniefl  veini  fnrniiiiK  the  ore  deposits  cnlled  sinckworks,  or 
simply  impregn all np  the  encloalnfr  mch.  Tbe  rommoiily  assiielaled  minerals  src  qtiaris, 
wolframite,  sclicellte:  nlsn  mica,  lopaz.  lonmiHlIiie.  npallle,  fluorite:  fnrlher  pyrlle,  urseuu- 
pyrile,  spbalerlle:  moljb'lenlte,  niillve  bismnlh   etc 

Formerly  very  abn  ml  ant,  now  less  s».  in  ('ornvrnll.  In  fine  cr3'Sln1s.  iiud  nlso  asvoodlfu 
;  and  itream-lin  :  in  Devonshire,  near  Tavistock  iiiui  elsewberc  ;  In  iseudomorphs  after 
^-  feldspKr  at  Wheiil  Coates.  near  8l.  Aimes.  ConiWHll;  in  fln<^ crystals,  often  twins,  ml 
^  Schlnckenwald,  Ornupen.  .Trmcblmsthnl,  Zlnnwald.  etc.,  !□  Bohumlii,  aaii  at  Ehrenfrieders- 
dorf.Altenbcrg,  etc.,  Id  Saxony;  at  Limoges !ii  splendid  crystals;  Sweden,  nt  Finbo;  Ptnland, 
tr      at  PftkBrnnta. 

«  In  the  E.  Indies,  on  tbu  Mnlav  peninsnla  of  MalnccR  nnd  tlie  n.'iu'liborinp  ialnmls.  Btnca. 

>,  and  Bllitong  near  Borneo.  In  New  Snntb  Wales  nbundani  over  iin  ares  of  8500  sq.  n  Ilea 
X  alsn  in  VictoHa,  Quei  nslaud  and  TasmaiiliL  In  Bolivia ;  Mexico,  in  Dumogo ;  also 
V     GnanajuaW,  Zacatecas,  Jalisco.  » 


Co..  wilh  wiilframite.  elc.  In  AlnUnna,  iu  Coosft  Co.  In  S.  DakoUi  titur  HHrney  Peuk  iiod 
iieiir  Ciialer  C  tj  In  tlie  Black  HIUb.  wliere  it  Lbs  been  mined.  Iu  Wyomxng.  iu  CnH)li  Co. 
Iu  Monlaiia.  mat  Dillou.     Iu  Val^oi-nut.  iu  Bau  Bemariliuo  Co.,  ut  TeuieBULl. 

PoUanlte.  MnagimeBe  ilioxftle,  MuOi.  Iu  cciupoHilo  puralli:!  groupings  of  iiiiniile 
crystiils;  aUo  riiriuing  llie  oiiivr  sbell  uf  urysula  liaving  (Le  form  of  uiuu);nnile.  H.  =  lt-tt'5. 
Or.  =  4-0li2.  Luster  metallic.  Color  licut  sieel-graf  or  irou-giny.  Streiik  biuck.  Froiii 
Plairen,  Boliemiit.  It  is  dig'iuguisbed  fn>m  pjrolusile  by  lis  liitniiiess  iiud  its  ftulij'driiua 
cliiimctei'.     Like  pyroluslti;  ll  is  often  a  paeudoiuorph  after  uiangnuiie. 


Tetragonal.    Axis  c  =  0'64415. 


K^ 


Vb^ 


H'",  SIO  A  310  =  36°  54'. 

M-.  101 A  Oil  =  45°  a-. 

«".  101  A  ioi  = 


uf.  111  A  ill  =  50°  S2i'. 
*»".  IU  Aiil  =  84-40'. 
te.   818  A  133  =  39°  6'. 


=  65'  84i'. 

Twins:  tw.  pi.  (1)  e,  often  geniculated  (Fig,  076);  ftlso  contact-twins  of 
very  varied  habit,  aometimes  Btxlings  and  eightlings  (Fig.  361,  p.  133;  Fig. 
375,  p.  124).  (2)  V  (301)  rare,  contact-twins  (Fig,  377,  p.  125).  Cryatals 
commonly  prismatic,  vertically  striated  or  furrowed;  often  slender  acicular. 
Occasionally  compact,  massive. 

Cleavage:  a  and  m  distinct;  s  in  traces.  Fracture  snbconchoidal  to 
uneven.  Brittle.  H.  ^  G-G-5.  G.  =4-18-4-25;  aisoto.'i-2.  Luster  metallic- 
adamantine.  Color  reddish  brown,  passing  into  red;  sometinies  yellowisb, 
bluish,  violet,  black,  rarely  grass-green;  by  tran^mittod  light  deep  red., 
Strealc  pale  brown.  Transparent  to  opnqiie.  Optically  -f .  Refractive  indices 
high  :  M,  =  2  C158,  e,  =  2-9039  for  Nu.  Birefringence  very  high.  Sometimes 
abnormally  biaxial. 

Coup.,  Var.— Titanium  dioxide,  TiO,  =  Oxygen  400,  titanium  60'0  =  100. 
A  little  iron  is  usually  present,  sotnetimea  up  to  10  p.  c. 

Var,— Ordinary.     Brownish  red  ami  otiier  «hniles.  rol  MF^ck.     G.  =  i-^S-iZ^.     TmuB- 

Krenl  qunrlz  (ingenit/:)  is  wiuiciimt-s  penetrated  tliicklv  "Itli  Rciciilar  or  capillary  crystida. 
irk  smoky  quartz  pi-netnited  with  llii;  actcwlar  naile  is  liie  FlPoliea  d'amour  Fr.  (or  VeitiiB 
bidr  sionc).  Acicular  crystals  nflen  implanted  tn  pnrnllt'l  position  on  lahulnr  cryBinIa  of 
hemalltc:  also  somewhat  simiUrlv  on  magnetite. 

Ftrviftroiit  (a)  NigriiH  is  black  In  color,  whence  the  nnme:  conlnins  2  to  S  p,  c.  of 
F(',Oi  (A)  Tltnenonilile  is  a  hliick  varii'ty  frim  the  Ilmen  Mis,,  ciinlaliiing  ni)  to  10  p.  c. 
or  more  of  F«0,.     O=507-.'i-]3 

Pyr.,  etc— B  B,  Infusible  With  salt  of  pho-iphorua  glTcs  a  colorlesa  bead,  which  fn 
H  F.  nsBumcs  a  vinlet  rolnr  on  cooHne  Mnal  vnilcifes  contain  Iron,  and  jilve  a  brownish- 
yellow  or  red  Iwnd  in  R,F.,  ihe  violet  only  nppoarlng  after  trenlmeut  <if  the  head  with 
metnlllc  tin  on  charconl.     Insoluble  iu  acids;   made  soluble  by  fuHlon  wlih  an  alkali  or 
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alkaliue  ciirbonate.  The  solution  contaiDiug  an  excess  of  acid,  with  the  addition  of  liD-foiV 
gives  a  beautiful  violet  color  when  concentrated. 

Diff.— Characierized  by  its  peculiar  sub-adamantine  luster  and  brownish-red  color. 
Differs  from  tourmaline,  vesuvianite,  augite  in  being  entirely  unaltered  when  heated  alooe 
B.B.     Specific  gravity  about  4,  of  cassiterite  6*5. 

Obs.— Rutile  occurs  in  granite,  gneiss,  mica  slate,  and  syenitic  rocks,  and  sometimes  in 
ffranular  limestone  and  dolomite;  common,  as  a  secondary  product,  in  the  form  of  mlcrolites 
in  many  slates.  It  is  generally  found  in  embedded  crystals,  often  in  masses  of  quaiiz  or 
feldspar,  and  frequently  in  acicular  crystals  penetniting  quartz;  also  in  phlogopite  (wh.  see), 
and  has  been  observed  in  diamond.  It  has  also  been  met  with  in  hematite  and  ilmeoite, 
rarely  in  chromite.     It  is  common  in  grains  or  fragments  in  many  auriferous  sands. 

Prominent  localities  are:  Arendal  and  Krager5  in  Norway;  UorrsjOberg,  Sweden,  with 
lazuli  te  and  cyan  it  e;  Saualpe,  Carinthia;  in  the  Urals;  in  Tyrol;  at  St.  Gothard  and  Binnen- 
thal,  Switzerland;  at  Ytieux,  near  Limoges  in  France;  utOhlapian  in  Transylvania,  nigrine 
in  pebbles:  in  1  irge  crystals  in  Perthshire,  Scotland;  in  Done^l  Co.,  Ireland. 

In  Maine,  at  Warren.  In  Vermont,  at  Wnterbury;  also  in  loose  bowlders  in  middle  and 
northern  Vermont,  acicular.  some  specimens  of  great  beauty  in  transparent  quartz.  In  Mast., 
at  Barre,  in  gneiss;  at  Shelburne,  in  mica  slate.  In  N.  York,  in  Orange  Co.,  Edenville;  War- 
wick; E.  of  Amity.  In  Penn.,  at  Sudsbury,  Chester  Co.,  and  the  adjoining  district  in  Lan- 
caster Co.;  at  ParksburjT,  Concord,  West  Bradford,  and  Newlin,  Chester  Co.;  at  the  Poor 
House  quarry,  Chester  Co.  In  N.  Jersey,  at  Newton,  with  spinel.  In  N.  Car.,  at  Crowder^s 
Mountiin;  at  Stony  Point,  Alexander  Co.,  in  splendent  crystals.  In  Georgia,  in  Habersham 
Co.;  in  Lincoln  Co.,  at  Graves'  Mountain,  with  lazulite  in  large  and  splendent  crystals.  In 
Arkamas,  at  Magnet  Cove,  commonly  in  twins,  with  brookite  and  perovskite.  also  as 
ptiramorphs  after  brookite. 

Plattnerite.  I^ad  dioxide.  PbO«.  Rarely  in  prismatic  crystals,  usually  massive. 
H.  =  5-5'5.  G.  =  8'5.  Luster  submetillic.  Color  iron-black.  Streak  chestnut- brown. 
From  Leadhills  and  Wanlockhead,  Scotland.  Also  at  the  "  As  You  Like"  mine,  Mullan, 
Coeur  d'Alene  Mts.,  Idaho. 

Baddeleyite.  Zircon  dioxide,  ZiOs.  In  tabular  monoclinic  crystals.  H.  =  6  5.  G.  = 
5*5-6  0.  Colorless  to  yellow,  brown  and  black.  From  Ceylon;  also  Jacupiranga,  Brazil 
{brastiliie)  where  it  is  associated  with  zirkelite,  (Ca,Fe)0.2(Zr,Ti,Th)Oa. 


679. 


OOTAHBDRTTB.    Anatase.  • 

Tetragonal.     Axis  i  =  1'7771. 

677.  678.  Commonly  octahedral  in  habit, 

either  acute  (p,  111),  or  obtuse 
{v,  IIT);  also  tabular,  c  predomi- 
nating; rarely  prismatic  crystals; 
frequently  highly  modified. 

ee\    101  A  Oil  =   76*    5'. 

e^\  101  Ai01  =  12ri6'. 

pj/.  111  A  111=  83*   y. 

;>p",  111  A  111  =  136' 86'. 

e/,     118  A  113=    54'    1'. 

«p'  117  A  117=  27' 89'. 
Cleavage:  can djo perfect.  Frac- 
ture subconchoidal.  Brittle.  H.  =  55-6.  G.  =  3*82-3-95;  sometimes  4'11- 
416  after  heating.  Luster  adamantine  or  metallic-adamantine  Color  varions 
shades  of  brown,  passing  into  indigo-blue,  and  black;  greenish  yellow  by 
transmitted  light.  Streak  uncolored.  Transparent  to  nearly  opaqne.  Opti- 
cally — .  Birefringence  rather  high.  Indices:  cOy  =  2*554,  €j  =  2*493. 
Sometimes  abnormally  biaxial. 

Comp.— Titanium  dioxide,  TiO,  =:=  Oxygen  40*0,  titanium  60*0  =  100. 

Pyr.,  etc. — Same  as  for  rut  lie. 

Obs.— Most  abundant  at  Bourg  d'OIsaiis,  in  Dauphin^,  with  feldspar,  azinite,  aod 
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ilmenite;  near  Hof  in  the  Flchtelgebirge;  Norway;  the  Unils;  in  chlorite  io  Devonshire, 
near  Tavistock;  with  brookite  at  Tremadoc.  in  North  Wales;  in  Cornwall,  uear  Liskeard 
and  at  Tintagel  Cliffs;  iu  Brazil  in  quartz,  and  iu  detached  crystals.  In  Switzerland  in  the 
Binnenthal  the  variety  wiserine,  long  supposed  to  be  zeuotluie;  also  Cavradi,  Tavetsch; 
Rauris,  Salzburg,  in  tiie  Eastern  Alps ;  also  at  Pfitsch  Joch. 

In  the  U.  States,  at  the  Dexter  lime  rock,  Smithfield,  R.  I.,  in  dolomite;  in  the  wash- 
ings at  Brindletown,  Burke  Co.,  N.  C,  in  transparent  tabular  crystals. 


Orthorhombic.    Axes  a:l:d=z  0*8416  :  1 :  0-9444. 

680.  681. 


682. 


m 


m 


./// 


«d'.  122  A  122  =  44' 2a'. 
e<j"'.  122  A  122  =  78'  57'. 
fiw,  110  A  122  =  45'  42'. 


Fracture  subconchoidal  to  un- 


mm  \  UOa  110  =  80'  KX. 
a',  112  a  112  =  53°  48'. 
«"',       112  A  112  =  44'  46'. 

Only  in  crystals,  of  varied  habit. 

Cleavage:  m  indistinct;  c  still  more  so. 
even.  Brittle.  H.  =  5  5-0.  G.  =  3*87-4 -08.  Luster  metallic-adamantine 
to  submetallic.  Color  hair-brown,  yellowish,  reddish,  reddish  brown,  and 
translucent;  also  brown  to  iron-black,  opaque.  Streak  uncolored  to  grayish 
or  yellowish.     Optical  characters,  see  p.  225. 

Comp.— Titanium  dioxide,  TiO,  =  Oxygen  40-0,  titanium  600  =  100. 

Pjrr. — Same  as  for  rutile. 

Obs. — Occurs  at  Boun;  d'Oif^uns  in  Dauphiue;  at  St.  Gothard,  with  albite  and  quartz; 
Maderaner  Thai,  Switzerland;  in  the  Ural,  district  of  Zlatoust,  near  Miask,  and  in  the 
gold-wa«huiga  iu  the  Sannrka  river  and  elsewhere;  at  Fronolen,  near  Tremadoc,  Wales. 

In  the  U.  S..  in  thick  black  crvstnls  (arkannte)  at  Magnet  Cove,  Ozark  Mts.,  Arkansas, 
with  elseolite,  black  garnet,  schorlomite.  rutile,  etc.;  in  small  crystals  from  the  gold- 
washings  of  North  Carolina;  at  tl«e  lend  mine  at  Ellenville,  Ulster  Co.,  N.  T.,  on  quartz, 
with  clialcopyrite  and  galena;  at  Paris,  Maine. 

Named  after  the  English  mineralogist,  H.  J.  Brooke  (1T71-1857). 


PTROLUSmi. 

Orthorhombic,  but  perhaps  only  pseudomorphous.  Commonly  columnar, 
often  diversrent;  also  s^ranular  massive,  and  frequently  in  reniform  coats. 

Soft,  often  soiling  the  finders.  H.  =  2-2-5.  G.  =  4-73-4-86.  Luster 
metallic.  Color  iron-black,  dark  steel-gray,  sometimes  bluish.  Streak  black 
or  bluish  black,  sometimes  submetallic.     Opaque. 

Comp. — Manganese  dioxide.   MnO,,  like  polianite   (p.  345).     Commonly 

contains  a  little  wnter  (2  p.  c),  it  having  had   usually   a  pseudomorphous 

origin  (after  manganite). 

It  is  uncertain  wliother  pyrohisite  is  an  independent  species,  with  a  crystalline  form  of 
its  own.  or  only  a  secondary  mineral  derived  chiefly  from  the  dehydration  of  manganite; 
also  from  polianite  (Breith.).  Pseudomorphous  crystals  having  distinctly  the  form  of 
manganite  are  common. 
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P3rr.,  etc. — Like  poliauite,  but  most  varieties  yield  some  water  in  the  closed  tube. 

Diff. — Hardness  less  than  that  of  psiluuielane.  Differs  from  iron  ores  in  its  reaction  for 
miinguuese  B.B.  Easily  distinguished  from  psilomelane  by  its  inferior  hardness,  and 
usually  by  lieiug  crvstalline.     Its  streak  is  black;  that  of  mangauite  is  more  or  less  brown. 

Obs. — This  ore  is  extensively  worked  at  Elgersberg  near  Ilmenuu,  and  other  places  in 
Thuriugiii;  at  Vorderehrensciort'  in  Moravia;  at  Flatten  in  Bohemia,  and  elsewhere;  netir 
Johanngeorgenstadt;  at  H  rschberg  in  Westphalia;  Matzka,  Transylvania;  in  Australia;  in 
Indin. 

Occurs  in  the  United  States  with  psilomelane,  abundantly  in  Vermont,  at  Brandon,  etc.; 
at  Plain lield  and  West  Stockbridgc,  Mass.;  Augusta  Co.,  Virginia;  Pope,  Pulaski,  Mont- 
gomery Cos..  Arkansas.  In  New  Brunswick,  7  m.  fr.  Bathui-st.  In  Nova  8cutia,  at  Teny 
Cape;  at  Walton,  etc. 

The  name  is  from  itOfj.flre,  and  Xovetv,  to  wash,  because  used  to  discharge  the  brown 
and  green  (FeO)  tints  of  glass;  and  for  the  same  reason  it  is  whimsically  entitled  by  the 
French  U  savou  ae  verriers. 


B.  Hydrous  Oxides. 

Among  the  hydrous  oxides  the  Diaspore  Group  is  well  characterized. 
Here  belong  the  hydrates  of  aluminium,  iron  and  manganese.     The  general 

ni 

formula  is  properly  written  RO(OH).  The  three  species  here  included  are 
orthorhombic  in  crystallization  with  related  angles  and  axial  ratios;  this  rela- 
tion is  deviated  from  by  nianganite  in  the  prismatic  zone. 

Another  less  prominent  group  is  the  Brucite  Group,  including  the 
rhombohedral  species  Brucite,  Mg(OH),  and  Pyrochroite,  Mn(OH). 

Gibbsite,  A1(0H)„  and  Sassolite,  B(OH),,  are  also  related,  and  farther 
Hydrotalcite  and  Pyroaurite. 

m 

Diaspore  Group.     RO(OH)  or  R,0,.H,0.     Orthorhombic. 

a :h  :  i  — 

a 

Diaspore  A1,0,.H,0  0-93T2  :  1  :  0  6039  or  0-6443 

Oothite  Fe,O..H,0  0-9185  :  1  :  06068  or  0-6606 

Manganite  Mn,0,.H,0  08441  :  1  :  0-5448  or  0*6463 

DIASPORB. 

Orthorhombic.  Axes:  a  :h  :  i  —  0-9372  :  I  :  0-6039.  Crystals  prismatic, 
mm'"  =  86°  17';  usually  thin,  flattened  ||  b;  sometimes  acicular.  Also  foliated 
massive  and  in  thin  scales;  sometimes  stalactitic. 

Cleavage:  h  eminent;  h  (210)  less  perfect.  Fracture  conchoidal,  very 
brittle.  H.  =  6*5-7.  G.  =  3-3-3-5.  Luster  brilliant;  pearly  on  cleavage-face, 
elsewhere  vitreous.  Color  whitish,  grayish  white,  greenish  gray,  hair-brown, 
yellowish,  to  colorless.  Pleochroic.  Transparent  to  subtranslucent.  Optically 
-f-.  Birefringence  high.  Ax.  pi.  ||  b.  Bx  JL  a.  Dispersion  p  <v,  feeble. 
2Ha.y=  103°  53'.     /?  =  1-722. 

Comp.— AlO(OH)  or  A1,0,.H,0  =  Alumina  85  0,  water  15-0  =  100. 

IPyr.,  etc. — In  llie  doped  tube  usniiUy  decrepitates  strongly,  sepnrafing  into  white 
pearly  scales,  and  at  a  hiph  tempemture  yields  water  Infusible;  with  cobalt  solution 
gives  a  deep  blue  color.  Not  attacked  by  acids,  but  after  ignition  soluble  in  sulpharic 
acid. 

DiflF— Distinguished  by  its  hardness  and  pearly  luster;  also  (B.B.)  by  its  deorepitatioD 
and  yielding  water:  by  the  reaction  for  alumina  with  cobalt  solution.  Resembles  some 
varieties  of  hornblende,  but  is  harder. 

Obs. — Commonly  found  with  conmdum  or  emery.  Occurs  near  Kossoibrod.  in  the 
Ural;  at  Schemuitz.  Hungary;   with  corundum  in  dolomite  at  CampoloDg'>,  Tessin,  in 


SwilEerlaDft:  Oreiner  in  Ihe  ZUlertUel.  In  tlie  U.  8.,  nitli  corundum  nod  margiirite  at 
Kewliii.  Cbesier  Ca-.  Pa.;  ut  ilie  emcrj  mines  of  Cbester.  Hubs.;  Iu  cavities  Id  muaaive 
Guruudum  at  tlie  UulsaKte  uilue,  uear  Fniukliu,  Mhcod  Co.,  N.  Caroliim;  wiili  sluuite 
forming  rock  musses  U  ml.  RoIjIiisod,  Rosita  Hills.  Colorado. 

NsmtMl  by  UaDy  fruin  diutrneifjciv,  (u  tcatttr,  atiudliig  tu  tLe  uaual  Jtcrepiuition  beton: 
tbe  blowpipe. 

OOTHITE. 

Orthorhombic.     Axes  a:h:i  =  0-9185  :  1  :  06068. 


/",  no  A  liO  =  85°    8'. 
Oil  A  Oil  =62*30'. 


in  A  ill  = 
,  lu  A  lii  = 


In  priema  vertically  Btriated,  and  often  flattened  into 
tcales  or  tables  ||  b.  Also  fibrous;  foliated  or  in  scales;  maa- 
sive,  reuiform  and  stalactitic,  with  concentric  and  radiated 
structure. 

Cleavage:  *  very  perfect.  Fracture  uneven.  Brittle. 
H.  =  5-5'5.  G.  =  4'0-4"4.  Luster  imperfect  adamantine. 
Color  yellowish,  reddish,  and  blackish  brown.  Often  blood- 
red  by  transmitted  light.  Streak  brownish  yellow  to  ocber- 
yellow. 

Tar.— In  l\\la  scule-like  a 
ary  (I 
It  I 


e<lge.    Also 


M  velvety  surface:  the  PrnbramiU  (Sammet- 
iimr,  flbious,  eie.,  as  above. 
Cuuip— FeO(OH)  or  Fc,0,.H,0  =  Oxygen  27-0,  iron  62-9,  water  101  =  100, 
or  Iron  sesqiiioxide  89'9,  water  101  —  100. 

P]rr  ,  0tc, — Iu  tlie  closvd  lube  gives  off  water  nnil  la  couverled  Into  red  Iron  sesqul- 
oxide.  With  Ihe  fluxes  like  heiiialile:  most  varieties  give  a  manganese  reaclioo,  and  some, 
treated  in  Ibe  forceps  in  O.F..  aftei'  mofslenlDC  in  xuipliiiric  acid,  impart  a  bluisb-green 
color  to  tlie  flame  (pbospboric  acid).     Soluble  w  liydrocbliiric  i<cid. 

DU(, — Dlstlnguisbed  Trom  bemallte  by  Us  yellow  streak;  from  llmonite  by  cryttailitie 
nature;  it  also  contains  less  witter  tban  llmonite. 

Obi. — Found  witb  tlie  other  oiides  of  lion,  especially  bematite  or  limonile.  Occurs 
at  Eiserfelil  near  Siegen,  in  Nassau,  at  Cliflon,  near  Bristol,  EDgland;  In  Cornwall. 
In  the  U.  8.,  at  tbe  Jarknon  Iron  mine.  Negannee,  L.  Superior:  In  Conn.,  at  Snlisbury; 
In  Penn..  near  Enston;  IniUbe  Pike's  Peiik  region,  Colorado.  Named  Odthite  (Ooelbile) 
nfter  tbe  poet-philosopber  Qoellie  (1749-1882). 


MANOANITB. 
Orthorhombic.     Axes  (5  : 


feet.      Fracture    uneven.      Brittle, 
metallic.     Color  dark  steel-gray  to  i 


:  f:  =  0-8441  :  1  :  0-5448. 

hh"\  410  A  4l0  =  28*  50*. 
mm'".  110  A  nO  =  80°  20*. 
ff',  20S  A  2(15  =  28°  57. 
e^.  Oil  A  Oil  =  67°  Iff. 
Pif,      111  Alll  =  59°    6i'. 

Crystals  commonly  prismatic,  the 
faces  deeply  striated  vertically;  often 
grouped  in  bundles.  Twins:  tw.  pi. 
e  (Oil).     Also  columnar;  stalactitic 

Cleavage:  b  verv  perfect;  ?«  per- 
il. =  4.  G.  =  4-3-4  4.  Luster  sub- 
oii-black.     Streak  reddish  brown,  some- 
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times  nearlyblack.     Opaque;  in  minute  splinters  sometimes  brown  by  trans- 
mitted light. 

Conip.— MuO(OH)  or  Mn,0,.H,0  =  Oxygen  27*3,  manganese  62*4,  water 
10*3  =  iOO,  or  Manganese  sesquioxide  89*7,  water  10*3  =  100. 

P3rr.,  etc. — lu  the  closed  tube  yields  wuter;  maDguuese  reactious  witb  the  fluxes,  p.  263. 
Obs.— Occurs  at  Ilefeld   iu   the   Hurz;   Ilmenau  in   ThuriDgin;  Cornwall,  at  Tarious 

S luces;  also  in  Cumberland,  etc.     Iu  the  L.  Superior  mining  region  at  the  Jackson  mine, 
Tegaunee;  Devil's  Head,  Douglas  Co.,  Colorado.     In  Nova  Scotia,  at  Cheveric,  Hants Co.» 
and  Walton.     In  New  Brunswick,  at  Shepody  mountain,  Albert  Co.,  etc. 


UMONrrB.    Brown  Hematite.    Brauneisenslein  Oerm, 

Not  crystallized.  Usually  in  stalactitic  and  botryoidal  or  mammillary 
forms,  having  a  fibrous  or  subfibrous  structure;  also  concretionary,  massive; 
and  occasionally  earthy. 

H.  =  5-5*5.  G.  =  3  6-4  0.  Luster  silky,  often  submetallic;  sometimes 
dull  and  earthy.  Color  of  surface  of  fracture  various  shades  of  brown,  com- 
monly dark,  and  none  bright;  sometimes  with  a  nearly  black  varnish-like 
exterior;  when  earthy,  brownish  yellow,  ocher-yellow.  Streak  yellowish 
brown.     Opaque. 

Var.— (1)  Compact  Submetallic  to  silky  in  luster;  often  stalactitic.  botryoidal.  etc. 
(iiicl.  brauner  Glaskopf  Germ  ).  (%)  Oclierovi  or  earthy,  brownish  yellow  to  ocher-yellow, 
often  impure  from  the  presence  of  clay,  sand,  etc.  (8)  Bog  ore  The  ore  from  marshy 
places,  generally  loose  or  porous  in  texture,  often  petrifying  leaves,  wood,  nuts,  etc. 
(4)  Brown  elay-ironstone,  in  compact  masses,  often  in  concretionary  nodules. 

Coiiip — 2Fe,0..3H,0  =  Oxygen  25-7,  iron  69-8,  water  14*5  =  100,  or  Iron 
sesquioxide  85*5,  water  14*5  =  100.  In  the  bog  ores  and  ochers,  sand,  day, 
phosphates,  oxides  of  manganese,  and  humic  or  other  acids  of  organic  origin 
are  very  common  impurities. 

Pjrr..  etc.— Like  jrOthite.  Some  varieties  leave  a  siliceous  skeleton  in  the  salt  of  phos- 
phorus bead,  and  a  siliceous  residue  when  dissolved  in  acids. 

Diff.— Distinguished  from  hematite  by  its  yellowish  streak,  inferior  hardness,  and  its 
reaction  for  water.  Does  not  decrepitate  B.B.,  like  turgite.  Not  crystallized  like  gOthite 
and  yields  more  water. 

Obs  —In  all  cases  a  result  of  the  alteration  of  other  ores,  or  minerals  containing  iron, 
through  exposure  to  moisture,  nir,  and  ciirbonicor  organic  acids;  derived  largely  from  the 
change  of  pyrite,  magnetite,  siderile,  ferriferous  dolomite,  etc.;  also  various  species  (as 
mica,  pyroxene,  hornblende,  etc.).  which  contain  iron  in  the  ferrous  stnte  (FeO*.  It  con- 
sequently  occupies,  as  a  bog  ore,  marshy  places,  into  which  it  has  been  borne  by  streamlets 
from  the  hills  around.  It  is  often  associated  with  manganese  ores.  Limonite  is  a  common 
ore  in  Bavaria,  the  Hnrz.  Luxembourg.  Scotland.  Sweden,  ttc. 

Abundant  in  the  United  States.  Extensive  beds  exist  nt  Salisbury  and  Kent,  Conn., 
also  in  the  neicrhboring  towns  of  New  York,  and  in  a  similar  situation  iu  Berkshire  Co., 
Mass.,  and  in  Vermont;  in  Pennsylvania  widely  distributed;  also  in  Tennessee,  Alabama, 
Ohio,  etc. 

Named  Limonite  from  X€i^oiy,  meadow, 

TuuoiTE.  Hydrohematite.  Pe4H,07  or  2FeaO$.H,0.  Resembles  limonite  but  lias  a 
red  streak.  G.  =  4*14-4 -6.  Decrepitates  B  B.  From  the  Turginsk  mine  in  the  Ural,  etc.; 
also  fn>m  Salisbury,  Conn.     Intermediate  between  hematite  and  limonite. 

^anthosiderite.  Gel beisen stein.  Fe90t.2HaO.  In  fine  needles  or  fibers,  stellate  and 
concentric;  also  as  an  ocher.  Color  golden  yellowish,  brown  to  brownish  red.  Associated 
with  mnnguncse  ores  at  Ilmenau,  etc. 


Beauxite. 

In  round  concretionary  disseminated  grains.  Also  massive,  odlitic;  and 
earthy,  clay-like.  G.  =  2  55.  Color  whitish,  grayish,  to  ocher-yellow,  brown, 
and  red. 


OXIDES.  35 1 

Var.— 1.  Id  COD cretionanr  grains,  or  o51i tic;  bauxite.  1  Cl&yAike,  wochetnite;  the  purer 
kind  gray  ish.  clay -like.  COD  taiDing  very  little  iroo  oxide;  also  red  from  the  iron  oxide  preseui. 

Coinp — Essentially  A1,0,.2H  0  =  Alumina  73-9,  water  261  =  100;  some 
analyses,  however,  give  A1,0,.H,0  like  diaspore. 

Iron  sesquioxide  is  usually  preseDt,  sometimes  Id  large  amouot.  in  part  replacing 
alumioa,  iu  pun  only  au  impurity.  Silica,  phosphoric  acid,  carbooic  acid,  lime,  maguesia 
are  common  impurities. 

Obs. — From  Baux  (or  Beaux),  Dear  Aries,  and  elsewhere  Id  France,  dissemiuated  in 

fraius  in  compact  limestone,  and  also  oOlitic.  Woctmuite  occurs  iu  Carniola,  between 
'eistritz  and  Lake  Wochein.  The  purest  bauxite  is  used  for  the  mauufacture  of  alumin- 
ium (aluminum),  nod  is  called  aluminium  ore.  Id  the  U.  S.,  bauxite  occurs  iu  Saline  and 
Puliiski  Cos.,  Arkansas;  also  in  Cherokee  and  Calhoun  Cos ,  Alabama,  and  iu  Floyd, 
Barton  and  Walker  Cos.,  Georgia. 


Brucite  Group.     R(OH),.     Rhombohedral. 

BRUOITB. 

Rhombohedral.     Axis  i  =  15208;  cr  =  60°  20^',  rr'  =  97^^  37^. 

Crystals  usually  broad  tabular.  Also  commonly  foliated  massive;  fibrous, 
fibers  separable  and  elastic. 

H.  =  25.  G.  =  2*38-2*4.  Cleavage:  c  eminent.  Folia  separable  and 
flexible,  nearly  as  in  gypsum.  Sec  tile..  Luster  ||  c  pearly,  elsewhere  waxy  to 
vitreous.  Color  white,  inclining  to  gray,  blue,  or  green.  Transparent  to 
translucent.     Optically  +•     Indices:  ooj,  =  1-569,  6,=  1  5795. 

Comp.,  Var. — Magnesium  hydrate,  Mg(OH),  or  MgO.H,0  =  Magnesia 
G9'0,  water  31*0  =  100.     Iron  and  manganese  protoxide  are  sometimes  present. 

Var. — Ordinary,  occurring  in  plates,  wliite  to  pule  greenish  in  color;  strong  pearly 
luster  on  the  cleavage  surface.  Nemalite  is  a  tibrous  variety  containing  4  to  5  p.  c  iron 
protoxide,  with  G.  =  2  44  Nuttall.  Manganbrucite  contains  mangnuese;  occurs  granular; 
color  honey-yellow  to  brownish  red. 

Pjnf.,  etc.— In  the  closed  tube  gives  off  water,  becoming  opaque  and  friable  sometimes 
turning  gray  to  brown:  the  manganesian  variety  becomes  chirk  brown.  B.B.  infusible, 
glows  with  a  bright  light,  and  the  ignited  mineral  reacts  alkaline  to  iest-pa|)er.  With 
cobalt  solution  gives  the  pale  pink  color  of  magnesia.  The  pure  mineral  is  soluble  in 
acids  without  eflfervesccnce. 

Dlff — Distinguished  by  its  infusibility,  softness,  cleavage,  and  foliated  structure.  Is 
harder  than  talc  and  differa  in  its  solubility  in  acids;  the  magnesia  test  and  optical  characters 
sepanite  it  from  gypsum,  which  is  also  somewhat  softer. 

Oba— A.cco!n  pan  ies  other  raagnesian  minerals  in  serpentine,  also  found  in  limestone.  At 
Swinaness  in  Unst,  Shetland  Isles;  at  the  iron  mine  of  Cogne,  Aosta.  Italy;  near  Filipstadi 
in  Sweden.  At  Hoboken.  N.  J  ,  in  serpentine;  at  the  Tilly  Foster  iron  mine.  Brewster. 
N.  Y.,  well  crystallized;  Richmond  Co..  N.  Y.;  at  Wood's  mine.  Texas.  Pa.,  in  large 
plates  or  masses,  and  often  crystallizations  several  inches  ncross;  at  Low's  mine  with 
hydromagnesiie.  Nemalite,  thi  fibrous  variety,  occurs  at  Hoboken  and  at  Xettes  in  the 
Vosges.  Manganbrucite  occurs  with  hnusmarinite  and  other  manganese  minerals  in  the 
granular  limestone  of  Jakobsl>erg.  N'>rdmark.  Sweden. 

Named  after  the  early  American  mineralogist.  A.  Bruce  (1777-1R18). 

P3rrochroite.  Manganese  hydrate,  Mn(OH),.  Usually  foliated,  like  brucite.  Luster 
pearly.  Color  white,  but  growing  dark  on  exposure  Occurs  in  magnetite  at  Pajsberg. 
Sweden;  also  at  Nordmark;  and  at  Franklin  Furnace,  N.  J. 


OIBBSITB.     Hydrargillite. 

Monoclinic.  Axes  d:h:^  =  17089  :  1  :  1-9184;  ft  =  85°  29'.  Crystals 
tabular  ||  c,  hexagonal  in  aspect.  Occasionally  in  spheroidal  concretions. 
Also  stalactitic,  or  small  mammillary,  incrusting,  with  smooth  surface,  and 
often  a  faint  fibrous  structure  within. 

Cleavage:  c  eminent.     Tough.    H.  =  2-5-3-5.    G.  =  2-3-2-4.     Color  white. 
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grayish,  greenish,  or  reddish  white.  Luster  of  c  pearly;  of  other  faces 
vitreous;  of  surface  of  stalactites  faint.  Translucent;  sometimes  transparent 
in  crystals.     A  strong  argillaceous  odor  when  breathed  on. 

Comp.— Aluminium  hydrate,  Al(OH),  or  A1,0,.3I1,0  =  Alumina  65*4, 
water  34  6  =  100. 

Pyr.,  etc. — In  the  cJoseil  lube  becomes  while  aud  opaque,  uud  yields  water.  B.B.  infus- 
ible, wbiteus,  and  does  not  iuipurt  a  green  color  to  the  flame.  With  cobalt  solution  gives  a 
deep  blue  color.     Soluble  in  concentrated  sulphuric  acid. 

Obs.— The  crystallized  gibbsile  (hydrargillite)  occurs  in  the  Shishimsk  mountains  near 
Zlatoust  in  the  Ural;  also  in  crystals  lilling  cavities  in  natrolite  in  the  Langesundfiord,  Nor- 
way; Ouro  Preto,  Minus  Geraes.  Brazil.  In  the  U.  S..  in  stalaciitic  form  at  liichmond* 
Mass.,  in  a  bed  of  linionite;  at  ihe  Clove  Mine,  Union  Vale,  Dutchess  Co.,  N.  Y.,  on  llmo- 
nite;  in  Omnge  Co.,  N.  Y. 

Named  after  Col.  George  Gibbs. 

Sassolite.  Boric  acid,  B(OH)a.  Crystals  tabular  |  c  (triclinic).  Usually  small  white, 
pearly  scales.  G.  =  1  48.  From  the  waiei-s  of  the  Tuscan  lagoons  of  Monte  Hotondo  and 
Caatelnuovo.  Exists  also  in  other  natural  waters,  as  at  Clear  Lake,  in  Lake  Co.,  California. 
Occurs  also  abundantly  in  the  crater  of  Vulcano,  Lipari  isles. 

Hydrotalcite.  Perhaps  Al(OII)»3Mg(On)a.3H80.  Lamellar-massiTe,  or  foliated,  some- 
what librous.  H.  =2.  G.  =  2  04-2  09.  Color  white.  Luster  pearly.  Occurs  at  the  mines 
of  Shishimsk,  district  of  Zlatoust,  Ural;  at  Snarum,  Norway,  in  serpentine  (hydrotalcite), 

Pyroaurite.  Perhaps  Fe(OH)8.8Mg(OH)a.3HaO.  Occui-s  at  the  L&ngban  iron-mine, 
Wermland,  Sweden,  in  gold  like  subnietallic  scales  (/).vroa?mte).  in  thin  seams  of  a  silvery 
white  color  in  serpentine  in  the  island  Haaf-Grunay,  Scotland  (igelstromite), 

Ohalcophanite.  Hydrofranklinite.  (Mn,Zn)0.2MnOa.2H90.  In  druses  of  minute 
tabular  rhombohedral  crystals;  sometimes  octahedral  in  asi:>ect.  Also  in  foliated  aggre- 
gates; stalactitic  and  plumose.  G.  =  3*907.  Luster  metjillic,  brilliant.  Color  bluish  black 
to  iron-black.  Streak  chocolate- brown,  dvdl.  Occurs  at  Sterling  Hill,  near  Ogdensburg, 
Sussex  Co. ,  N.  J.    ....:,"'        ';i.    - 

PSILOMELANE. 

Massive  and  botryoidal  ;  reniform;  stalactitic.  H.  =  5-6.  G.  =  3'7-4'7. 
Luster  subnietallic,  dull.  Streak  brownish  black,  shining.  Color  iron-black, 
passing  into  dark  steel-gray.     Opaque. 

Comp. — A  hydrous  manganese  nianganate  in  which  part  of  the  manganese 
is  often  replaced  by  barium  or  potassium,  perhaps  conforming  to  H^MuO  . 
The  material  is  generally  very  impure,  and  the  composition  hence  doubtful. 

Pyr.,  etc  —In  the  clost  d  tube  most  varieties  yield  water,  and  all  lose  oxygen  on 
ignition;  with  the  fluxes  reacts  for  manganese.  Soluble  in  hydrochloric  acid,  with  evolu- 
tion of  chlorine. 

Obg. — A  common  but  impure  ore  of  manganese;  frequently  in  alternating  layers  with 
pyrolusite.  From  Devonshire  and  Cornwall;  Ilefeld  in  the  Harz;  also  at  Ilmentiu,  Siegen, 
etc.  Forms  u)ammillary  masses  at  Brandon,  etc.,  Vt.  In  Independence  Co.,  and  else- 
where in  Arkansas.  With  pyrolusite  at  Douglas,  Hants  Co..  Nova  Scotia.  Named  from 
i^'jAdf,  smooth  or  naked,  and  ^4Xa<i,  black. 

The  following  mineral  substances  here  included  are  mixtures  of  various  oxides,  chiefly 
of  manganese  (MnO,.  also  MnO).  cobalt,  copper,  with  also  iron,  and  from  10  to  20  p.  c 
water.  These  are  results  of  the  decomposition  of  other  ores— partly  of  oxides  and  sul- 
phides, partly  of  mnngnnesian  carbonates,  and  can  hardly  be  regarded  as  representing 
distinct  mineral  .<*pecies. 

Wad.  In  amorphous  and  renifnrm  niaR«os.  either  earthy  or  compnot;  also  incnisting 
or  Jis  stains.  Usually  very  soft,  soilincr  the  finirers;  less  oftpn  hard  to  H  =6.  G.  =  8*0- 
4*26;  often  loosely  aggregated,  and  feeling  very  light  to  the  hand.  Color  dull  black,  bluish 
or  brownish  black. 

Boo  Manganese  consists  mainly  of  oxide  of  manganese  and  water,  with  some  oxide  of 
iron,  nnd  often  silica,  alumina,  baryta 

AsnouTB,  or  Earthy  Cobalt,  contains  oxide  of  cobalt,  which  sometimes  amounts  to 
B2p  c. 

Lampadite.  or  Otipvf/ms  Manganese,  is  a  wad  containing  4  to  18  p.  c.  of  oxide  of 
copper,  and  often  oxide  of  cobalt  also. 
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VI.  Oxygeu-salts. 

The  Sixth  Class  includes  the  salts  of  the  various  oxygen  acids.  These  fall 
into  the  following  seven  sections:  1.  Carbonates;  2.  Silicates  and  Titanates; 
3.  Niobates  and  Tantalates;  4.  Phosphates,  Arsenates,  etc.;  also  the  Nitrates; 
5.  Borates  and  Urauates;  6.  Sulphates,  Chromates  and  Tellurates;  7.  Tung- 
states  and  Molybdates. 

1.  CARBONATES. 

A.  Anhydrous  Carbonates. 

The  Anhydrous  Carbonates  include  two  distinct  isomorphous  groups, 
the  Calcite  Group  and  the  Aragonite  Group.  The  metallic  elements 
present  in  the  former  are  calcium,  magnesium,  iron,  manganese,  zinc  and 
cobalt;  in  the  latter,  they  are  calcium,  barium,  strontium  and  lead. 

The  species  included  are  as  follows : 

Calcite  Group.     RCO,.     Rhombohedral. 

Calcite  CaCO,                                                       74°  55'    0-8543 

Dolomite  (Ca,Mg)CO,             Tri-rhombohedral     73°  45'    0-8322 

Normal  Dolomite  CaCO,.MgCO. 

Ankerite  CaCO..(Mg,Fe)CO,                                 73°  48'    0-8332 

Magnesite  MgCO,                                                    72°  36'    0-8112 

Breunnerite  (Mg,Fe)CO, 

Mesitite  2MgC0,.FeC0,                                        72°  46'    0-8141 

Pistomesite  MgCO,.FeCO,                                          72°  42'    0-8129 

Siderite  FeCO,                                                      73°    0'    08184 

Oligonite  (Fe,Mn)CO. 

EhodochroBite  MnCO,                                                      73°    0'    08184 

Manganosiderite  (Mn,Fe)CO, 

Manganocalcite  pt.  (Mn,Ca)CO, 

Smithsonite  ZnCO.                                                     72°  20'    0-8063 

Monheimite  (Zu,Fe)CO. 

SphsBrooobaltite  CoCO, 

Tills  li»t  gives  not  only  the  promiuent  species  of  tbis  group,  but  also  some  of  the 
isomorrhous  intermediute  compounds. 

The  Calcite  Group  is  characterized  by  rhombohedral  crystallization.  All 
the  species  show,  when  distinctly  crystallized,  perfect  rhombohedral  cleavage, 
the  angle  varying  from  75°  (and  105°)  in  calcite  to  73°  (and  107°)  in  siderite. 
This  is  exhibited  in  the  table  above. 


2.  Aragronlte  Group. 

ECO.. 

Orthorhombic. 

vim'" 

a  :h  :  t 

Aragonite 

CaCO, 

63°  48' 

0-6224  :  1  :  0*7206 

Bromlite 

(Ca,Ba)CO, 

Witherite 

BaCO, 

62°  12' 

0-6032  :  1  :  0-7302 

Strontianite 

SrCO, 

62°  41' 

0-6090  :  1  :  0-7239 

Cemssite 

PbCO, 

62°  46' 

0-6100  :  1  :  0*7230 

334 
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The  species  oi  the  Araqokite  Group  crvstallize  in  the  orthorhombio 
EvsU'in,  but  the  relation  to  those  of  the  Calcite  Group  is  nia<le  more  close  by 
the  fact  that  the  prismatic  angle  viinea  a  few  degrees  only  from  60"  (and  120°) 
and  the  Cwiiined  forms  with  the  fundamental  prisni  as  t winning-plane  are 

paeudo-hexitgotial  in  cliaracter. 


1.  Calcite  Oroap.     RCO,.     Khomboliedral. 
OAI>0rrZI.    EnlkBpath  Qtrm.    Calc  Spar;  CHlcareous  Spur. 
Rhombohedrsl.    Asia  t  =  08543. 

690.  691. 


0001  A 

0001 

JOiO 

lOil  A 

01 !  J  A 

05S4  A 

0-'3l  A 

'.  4041  A 


lOii  =  44°  sej'. 

0112  =  20'  15'. 
0112  =  03'  45'. 
ilOl  =  74°  56". 
iiilS  =  45'  ff, 
.^054  =  84°  821'. 
2021  =  101°  V. 
4401  =  IMMO*. 


mf.  2l2l  A  23il  =  7S"  28". 

wi'.  2l8l  A  8i21  =8.VB«'. 

w".  2lSl  A  1291  =  4T°    H'. 

Vlf.  32.^1  A  3.131  =  70*  W, 

yy,  8-'8l  a  623i  =  4.'i*  82*. 

yy\  3251  A  285i  =  20*16'. 

«•,  3l5l  A  3134  =  20'" set'. 
3145  A  4ift5  =  18*  0*. 


•  See  the  ipherlcia  pnijcciion.  Pig.  853,  p,  79. 
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Hiibit  of  crystals  very  varied,  aa  shown  in  the  figures,  from  obtuse  to  acute 
rhoinbohedrul;  from  thin  tabular  to  long  prismatic;  auil  scaluiiohedral  of 
many  types,  often  highly  modified. 

Twins  (see  Figs.  383-390,  p.  126) :  (1)  Tw.  pi.  c,  common,  the  crystals  having 
the  same  vertical  axis.  (2)  i'w.  pi.  e  (0112),  very  common,  the  vertical  axes 
inclined  127"  29^'  and  52'"  30^';  often  producing 
twinning  lamellse  as  in  Iceland  Spar,  which  are, 
in  many  cases  of  secondary  origin  as  in  gran- 
ular limestones  (Fig.  705);  this  twinning  may 
be  produced  artificially  (see  p,  148).  (3)  Tw. 
pi.  r,  not  common;  the  vertical  axes  inclined 
90-  4G'  and  89°  14'.  (4)  Tw.  pi.  /  (0331), 
rare;  the  axes  intersect  at  angles  of  53°  46'  and 
126"  14'. 

Also  fibrous,  both  coarse  and  fine;  some- 
times lamellar;  often  granular;  from  coarse 
to  impalpable,  and  compact  to  earthy.  Also 
staloctitic,  tuberose,  nodular,  and  other  im- 
itative forms. 

Cleavage:  r  highly  perfect.  Parting  ]«  (Oll2)  due  to  twinning.  Fracture 
conchoidaf,  obtained  with  diflSculty.  H.  —  3,  but  varying  with  the  direction 
on  the  cleavage  face;  earthy  kinds  softer.  Q.  =  2*714,  in  pure  crystals,  but 
varying  somewhat  widely  in  impure  forms,  as  in  those  containing  iron,  man- 
ganese, etc.  Luster  vitreous  to  snbvitroons  to  earthy.  Color  white  or  colorless; 
also  various  pale  shades  of  gray,  red,  green,  blue,  violet,  yellow;  also  biown  and 
black  when  impure.     Streak  white  or  grayish.     Transparent  to  opaque. 

Optically—.  Birefringence  very  high.  Refractive  indices  for  the  D  line: 
a»=  1-65849,  €  =  1'48625. 

Comp.— Calcium  carbonate,  CaCO,  =  Carbon  dioxide  44 '0,  lime  56  0  =  100. 
Small  quantities  of  magnesium,  iron,  manganese,  zinc,  and  lead  may  be  present 
replacing  the  calcium. 

Tar. — The  vnrietleH  are  very  numeroui,  and  diverse  In  nppenraoce.  The;  depend 
mninly  on  the  TolluwiDg  [Kiluls:  diSereiices  iu  crysullizutjuu  mid  bitucIuiBiI  condltlou. 
preseuceof  impurities,  etc.,  tiie  extremes  being  periect  crystiilB  aud  earthy  massive  formii 
also  OD  cumimalttou  as  sffecteil  by  isomorpboiia  rtplaceuient. 


A.   Varieties  babkd  c 


4  Crtbtallization  and  Accidental  Ihfurities. 


1.  Ordinary.  Id  crystals  nnd  clOHwable  mi 
aa  nl ready  noted,  lh>ff-toot!i  Spar  ia  nti  Hcute  Bcaieiiohedral  fi 
poaite  varieiy  Imviiig  Ihe  form  aiiggestcd  by  ilie  tiume.  The  iratispureot  variety  from 
.  IcKlaiid,  used  for  polariidng  prisms,  etc.,  is  cillcd  lettimd  8p'r  or  Dmibly-refraeting  Spar 
(Dopiielspiitli  Oerui.).  As  re^nrdseo^.  crysrallized  ciilcite  variua  from  rlie  Iclmla  wliich  are 
perfectly  clear  and  colorless  UiroiigU  yeltuw,  pink,  purple,  blue-,  to  browti  arnl  lilack.  The 
color  Is  usually  pale  except  as  caused  by  inipurllies.  These  impurities  imiy  he  pyrltf, 
native  ropptr,  malnchlte,  sand,  etc.;  tbey  are  aomt-ifmisarmaged  In  symmt-trical  form,  as 
depending  upon  the  growth  of  Ihe  crys'als  and  hetice  produce  many  varieties. 

F&ntninfhUnH  Uatett^ne.  from  Pontnlneblenu  imd  Nemours.  Fi-anco,  i^ntalns  a  large 
amounl  nf  siind,  Hi<mc  50  tn  R3  p.  c.     Similnr  forms  occur  at  oilier  localltii's. 

3.  Filrroui  andl'imMar  kind*.  Satin  Spar  is  fine  flbrniis,  wiib  ii  silky  liislcr;  resembles 
libnms  cypsiim,  idso  i':illed  salln  xpar,  but  is  much  harder  lliiin  gypsum  iiud  effervesces 
with  ncids. 

Argtntiiu  Is  a  nearly  lamelliir  ciilcile,  tlie  Inmellffi  more  or  less  undulating;  color  whllB, 
grnvisli,  yellowish  Ajihrilf,  In  Its  harder  and  mon-  sparry  variety  (Srhavnupnfh),  la  a 
fnlinled  white  pearly  calclte.  near  aritenttne:  In  it"  nofter  kiiida  {Seh/ivmerde)  h  approaches 
chalk,  though  ll^liter.  pearly  iti  lualer.  sMvi'ty  while  or  yellowish  In  color,  soft  aud  greasy 
lo  the  touch,  and  more  or  lesi  scaly  tu  structure. 
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8.  Granular  masiite  to  cryptocry»taUine  kinds :  Limestone,  MarUe,  Chalk, 

Oranular  limestone  or  Saceharoidal  limestone^  so  named  because  like  lotif  sugar  in  frac- 
ture, varying  from  coarse  to  very  fine  granular,  and  bence  to  compact  limestone;  colors 
are  various,  as  white,  yellow,  reddish,  gteen;  usually  they  are  cloudecl  and  give  a  handsome 
effect  when  the  material  is  polished.  Whan  such  limestones  are  fit  fur  polishing,  or  for 
architectural  or  ornamental  use,  they  are  called  marbles.  Many  varieties  have  special 
names.  Shell-marble  consists  largely  of  fossil  shells;  Lumacltelle  or  fire-marble  is  u  dark 
brown  shell-marble,  with  brillinnt  fire-like  or  chatoyant  internal  reflections.  Buin-marble 
is  a  kind  of  a  yellow  to  brown  color,  showing,  when  polished,  figures  btaiiug  some 
resemblance  to  fortitications,  temples,  etc..  in  ruins,  due  to  infiltration  of  iron  oxide,  etc. 

Liiliographic  stone  is  a  very  even-grained  compnct  limestone,  of  buff  •r  drab  color;  as 
that  of  Solenhofen.  Uydraulic  limestone  is  an  impure  limestone  which  after  ignition  Bets, 
i.e.,  takes  a  solid  form  under  water,  due  to  the  formation  of  a  silicnte.  The  Frtnch 
varieties  conUun  2  or  3  p.  c.  of  mairncsin,  and  10  to  20  of  silica  and  alumina  (or  clay).  The 
varieties  in  the  United  States  contain  20  to  40  p.  c.  of  m»gne.*^ia,  and  12  to  80  p«c.  of  silica 
and  alumina.  Hard  compact  linustone  varii-s  from  nearly  pure  white,  thrtmgli  gmvi^h, 
drab,  buff,  yellowish,  and  reddish  shades,  to  bluish  ^ray,  diirk  biowuish  gray,  and  black, 
and  sometimes  variously  veined.  Many  ixinds  make  benutiful  marble  when  |  ol  bhed.  Kcd 
oxide  of  iron  produces  red  of  different  shades.  Shades  of  greiu  are  due  to  iron  protoxide, 
chromium  oxide,  iron  silicate. 

Chalk  is  whitu,  grayish  wl.ite,  or  yellowish,  and  soft  enough  to  leave  a  trace  on  a  board. 
Calcareous  marl  is  a  soft  earthy  deposit,  with  or  without  distinct  fragments  of  shells;  it 
generally  contains  much  clay,  and  graduates  into  a  caUaieous  clay. 

Oolite  is  a  granular  lime-^tone,  its  grnins  minute  concretions,  looking  sonnewhat  like  the 
roe  of  tish.  the  name  coming  from  oody,  egg.  Pisolite  lErbsenstein)  con6i>ts  of  concretions 
}is  large  often  as  a  small  pei.  or  larger,  having  usually  a  distinct  concentric  siruciure. 

Depoitited  from  c^Uctreous  s/)i'ings,  streams,  or  in  caverns,  etc.  (a)  Stalactites  are  cal- 
careous cylinders  or  cones  tiiat  linng  from  the  roofs  of  limestone  caverns,  and  which  are 
formed  from  the  waters  that  drip  through  thr  roof;  these  wntcrs  hold  some  c^alclum 
>bicarL>onate  in  solution,  and  leave  calcium  carbonate  to  form  the  stalactite  when  evaporation 
takes  place.  Stalactit- s  vary  from  transparent  to  nearly  opaque;  Irom  a  crystal  line  strtic- 
ture  with  single  cleavage  directions  to  coarse  or  fine  granular  clcavable  and  to  radiating 
fibrous;  from  a  white  color  and  colorless  to  yellowish  gray  and  brown,  {b)  Stalagmite  is  the 
same  material  covering  the  floors  of  caverns,  it  being  made  from  the  waters  that  drop  from 
the  roofs,  or  from  sources  over  the  bottom  or  sides;  cones  of  it  sometimes  rise  frt'm  the 
floor  to  meet  the  stalactites  above.  It  consists  of  layers,  irregularly  curved,  or  bent. 
Stalagmite,  or  a  solid  kind  of  travertine  (see  below)  when  on  a  large  scale,  is  the  alabaster 
stone  of  ancient  writers,  that  is,  the  stone  of  which  ointment  vases,  of  a  certain  form  called 
alabisters,  were  made.  A  locality  near  Thebes,  now  well  known,  was  largely  explored  by 
the  ancients,  and  the  material  has  often  been  henc^e  called  Egyptian  alabaster.  It  was  also 
formerly  called  onyx  and  onychites  because  of  its  beautiful  banded  structure.  In  the  arts  it 
is  ofieu  now  called  Oriental  alabaster'  or  onyx  marble.  Very  beautiful  marble  of  this  kind 
is  obtained  in  Algeria.  Mexican  onyx  is  a  similar  material  obtained  from  Tecali,  Puebla, 
Mexico;  also  in  a  beautiful  brecciated  form  from  the  extinct  crater  of  Zempoaltepec  in 
southern  Mexico.  Similar  kinds  ocnur  in  Miasouri,  Arizona.  San  Luis  Obispo  Co.,  Cali- 
fornia, {c)  Calc-sinter,  Travertine,  Calc  Tufa.  Travertine  is  of  essentially  the  same  oiigin 
with  stalagmite,  but  is  distinctively  a  deposit  from  springs  or  rivers,  especially  where  in 
large  deposits,  as  along  the  river  Anio.  at  Tivoli,  near  Rome,  where  the  deposit  is  scores  of 
feet  in  thickness,  (d)  Agaric  mineral;  Rock-milk  is  a  very  soft  white  materia],  breaking 
easily  in  the  fingers,  deposited  sometimes  in  caverns,  or  about  sources  holding  lime  in 
solution,  {e^  Rock-meal  is  white  and  light,  like  cotton,  becoming  a  powder  on  the  slightest 
pressure. 

B.  Varieties  based  upon  Composition. 

These  include:  Dolomitie  eaUiite.  Contains  mngnesium  carbonate,  thus  graduating 
toward  true  dolomite.  Also  bariealcite  (which  contains  some  BaCOs);  similarly,  stroniiano- 
calcite  (8rC0»).  ferrocaMte  (FeCOa),  manganocaleite  (MnCOa).  tineocaleite  (ZnCOt), 
plumboealcite  (PbCOa). 

Pyr.,  etc. — B.B.  infusible,  but  bromes  caustic,  glows,  and  colors  the  flame  reddish 
yellow;  after  ignition  the  assay  reacts  alkaline:  moistened  with  hydrochloric  acid  imparts 
the  characteristic  lime  color  to  the  flam^..  In  the  solid  mass  effervesces  when  moistened 
with  hydrochloric  acid,  and  fragments  di^olve  with  brisk  effervescence  even  in  cold  add. 


CAEB0NATE8.  357 

Di£— DisttDguIahiDg  character:  perrect  rhouibubedral  cleavage;  soflaeu,  ciLti  be 
•cratcbed  witb  a  koire:  eServesceuce  in  cold  cKlutu  acid;  liifuBibilitv.  Less  liartl  Hud  of 
lower  ep«cific  gisvily  tbau  aragoulte  (wli.  see).  Kesembles  in  tta  illSenut  varieliea  tbe 
oilier  rLoiu  boiled  ml  carboiiuteg.  but  is  less  bard,  of  luncr  specltlc  t'n'vily,  aud  more 
readily  aiiuckLd  by  add.  Also  reBembles  aoiiie  vurii'LiuB  of  Imriie.  but  bus  lower  epcclflc 
griivUy;  it  is  less  liiinl  tbnii  feldspar  and  harder  Ihan  gypsum. 

Reco^uized  iu  iliiu  seclious  by  its  low  nffniciioii  nod  very  btgb  birefriugence,  llie 
poliirlziition  culuraiii  tbe  tlilQoeat  secliouBiittaiDliig  wlille  of  tbe  uigbeat  order,  Tbe  uegii- 
tWe  tiiterfereiice  Qgiire,  wItU  iitniiy  closely  crowded  colored  riogs.  Is  also  cbitructerisiic. 
Tbe  I'hombobedral  cleavage  is  ntteu  abowQ  in  ibe  Hue  fracture  liues;  systi'ms  oF  twinued 
lumellse  ufieti  coDspicuous  (Fig.  TUSj,  esptclally  In  crystiiltine  liiueatoue. 

Oba.— Culclte,  lu  lis  viirioiis  forms,  is  one  of  the  luoat  widely  distributed  of  mluerals. 
Beds  of  sediineutary  llmcstoite,  formed  from  urgaoic  rumiiins.  sbella,  crinoMs,  corals,  etc., 
yield  oil  melamorphism  crjsialliue  liiuestoue  or  marble,  and  in  couneciiou  with  ibese 
crystallized  calclte  and  also  deposits  In  cavea  nf  stalactites  and  stalagmites  oflea  occur. 
Cum m on  with  tbe  sKolItes  In  ciivities  iiiid  veins  of  igueoiis  rocks  as  ii  result  iifalMration, 
iind  situilarly  tbougb  less  abundant  wllb  granite,  syeuite.  etc.  A.  frequoul  miiieml  in 
nierallirerous  deposils,  witb  lead,  copper,  silver,  etc.  Deposited  from  tlme-beitring  waters 
na  calc  siiilcr.  travertine,  etc.,  especially  iu  conneclloit  wiili  but  apriiigs  as  at  tbe  Haiumotb 
Hot  Springs  in  tbe  Teltowatone  region. 

Some  of  the  beat  kuowu  localities  for  crystallized  calclte  are  the  following:  Andreas- 
berg  ill  tbe  Harz:  tbemlueaor  Freiburg.  Scbiieeberg.ctc.  in  Saiony;  Kapnlktn  Hungary; 
Au!it.ig  lu  Bohemia;  Bleiberg  in  Cailutlila:  Traverselln  in  Pli/diiioul;  KIba,  Iu  Euglaud 
at  Alston  Moor  aud  Eirremont  hi  Cumberland;  Mntlock,  Derbyshire;  Beer  Alston  In 
Devouabire;  at  numeroiia  pDinls  in  Cornwall;  Weardalu  in  Durham;  Bliink  mine,  Lanca- 
shire. In  twin  crystals  of  great  variety  and  beauty  al  Gnauajuato,  Mexico.  Tbe  IctUmd 
tpar  bus  been  obtalnetl  fnim  Iceland  near  Helgnstiidir  ou  the  Ii^keflord.  It  occurs  iu  a 
large  c:ivlly  In  basalt.  The  crystals,  usually  allowing  tbe  fundamental  rbombohedron,  are 
ufteii  conieil  with  lufts  of  aillblle. 

In  the  U.  States,  cryslalllzi'd  calclte  occurs  in  Jf  York,  in  8l,  Lawrence  Co.,  eapecially 
at  the  Rusaiv  lend  mine;  in  Jefferson  Co.,  near  Oxbow:  dog-tooth  tpar,  in  Niagara  Co. 
near  Lock  port,  with  pearl  spur,  celestlle.  etc.;  in  Lewis  Co.,  at  Leydeu  andLowvilie,  niidal 
tbe  Hiirtlnsbiirg  leail  mine:  >it  Anibony'sNose  on  the  HiidEOn,  formerly  groups  of  Inrge 
tabular  crystals.  In  JV.  Jertey.  nt  BergL'n.  yellow  calclte  witb  datoliie,  rtc.  In  Virgirua, 
Hi  Wier's  cave,  ttalaelUes  of  great  l>eauty;  also  in  tbe  large  caves  of  Keatuekg.  At  tbe 
Lake  Superior  copper  mines,  complex  crystals  often  containing  scales  of  native  copper. 
At  Warsaw.  Illinau,  in  grcnt  varie'y  of  form,  lining  geodes  and  implnoted  on  quarts 
crysliils:  iil  Qiilncy.  Iu  Miuouri,  witb  doloinlie  near  St.  Louis;  also  witb  sphalerite  at 
Joplhi  and  other  poiiila  lu  the  zinc  region  in  the  aim Ih- western  part  of  (he  Stale,  the 
crystals  usually  scaleiiohedral  and  of  a  wlne.yellow  color.  From  tbe  Bad  Lauds.  South 
Dakota.  In  Nova  Scoli:i,  at  Partridge  I.,  a  winv-colorcd  calclic,  aud  other  interesting 
varieties. 

Thinoi.itk.  a  tufa  deposit  iif  calcium  carbonate  occurring  on  an  enormoua  acnle  In 
norili-wcsiein  Nevudn;  also  occurs  about  Mono  Ijake,  Californin.  It  forms  layers  of  inter- 
laced crystals  of  a  pale  yellow  or  Kglit  brown  color  and  often  skeleton  structure  except 
when  covered  by  subsequent  deposit  of  calcium  cartxinale. 

OOXiOHTTEI.     Pearl  Spar  pt. 
Tri-rhomboliedral.     Axis  6  =  0  832!i. 
er.    0001  A  lOil  =  ir  52'.     MM'.  40il  a  4401  =  118*  Off. 
rr*.  1011  A  1101  =  73' 40*. 
Hubit  rhoinbohedral,  nsnallj  r  or  M{iOi\):  the 
presence  of  rhombohedrons  of  the  second  or  third  series 
after  the   phetincitc   type   very  characteristic.    The 
r  faces  commonly  curved  or  made  tip  of  aub-individ- 
nals,  and  thus  passing  into  saddle-shaped  forma  (Fig. 
706).     Also  granular,  coarse  or  fine,  resembling  ordin- 
ary marble. 

Cleavage:    r   perfect.      Fracture  subconchoidal.      Brittle.     H.  =  3'5-4 
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G.  =  2 •8-2 -9.  Luster  vitreous,  inclining  to  pearly  in  some  varieties.  Color 
white,  reddish,  or  greenish  white;  also  rose-red,  green,  brown,  gray,  and  black. 
Transparent  to  translucent.  Optically  — .  oOy  =  1*68174  Na.  e^  =  r50i56 
Na,  Fizeau. 

Comp. — Carbonate  of  calcium  and  magnesium  (Ca,Mg)CO,  ;  for  normal 
dolomite  CaMgC.O,  or  CaCO,.MgCO,  =  Carbon  dioxide  47-9,  lime  30-4, 
magnesia  21*7  =  100,  or  Calcium  carbonate  54*35,  magnesium  carbonate  45  G5 
=  100.  Varieties  occur  in  which  the  ratio  of  the  two  carbonates  varies  from 
1  :  1.  The  carbonates  of  iron  and  manganese  also  sometimes  enter ;  rarely 
cobalt  and  zinc  carbonates. 

Pjrr.,  etc.— B.B.  acts  like  calcite.  Fragments  thrown  into  culd  acid,  unlike  cnlcitf,  are 
only  very  slowly  acted  upon,  if  at  all,  while  in  powder  in  warm  acid  the  mineral  is  rt-adily 
dissolved  with  effervescence.     The  ferriferous  dolomites  become  brown  on  exposure 

Diff  — Resembks  calcite  (see  p.  857),  but  generally  to  be  distinguished  in  that  it  does 
noi  effervesce  readily  in  the  mass  in  cold  acid. 

Obs. — Massive  dolomite  constitutes  extensive  strata,  cnlled  limestone  strata,  in  various 
regions,  as  in  the  dolomite  region  of  the  southern  Tyrol.  Crystalline  and  compact  varieties 
are  often  associated  with  serpentine  and  other  niagnesian  rocks.  »nd  with  ordinary  lime- 
stones. Some  prominent  localities  are:  Leogang  in  Sab.burg;  Scbimnitz  and  Kapnik  in 
Hungary;  Freiberg  in  Saxony.  In  Switzerland,  at  Bex,  in  crystals;  also  in  theBinuenthal; 
Traversella  in  Piedmont;  Campolongo. 

In  the  U.  Stales,  in  Vermont,  at  Roxbury.  In  N.  Jertey,  at  Iloboken.  In  N.  York,  at 
Lockport,  Niagara  Falls,  etc.;  at  the  Tilly  Foster  iron  mine.  Brewster,  Putnam  Co..  with 
magnetite,  chondrodite.  In  saddle-shaped  crystals  with  the  sphalerite  of  Joplin,  Miasauri. 
In  N.  Car. ,  at  Stony  Point.  Alexander  Co. 

Named  after  Dolomieu  (1750-1801),  who  announced  some  of  the  marked  characteristics 
of  the  rock  in  1791 — its  not  effervescing  with  acids,  while  burning  like  limestoue,  anil 
solubility  after  heating  in  acids. 

Ankerite.  CaCO,  (Mg,Fe,Mn)C08,  or  for  normal  ankerite  2CaC0,.MgC0,.FeC0«. 
In  rhombohedral  crystals;  rr^  =  73**  48';  also  crystalline  massive,  granular,  cdmpact. 
G.  =  2'95-31.  Color  while,  gray,  reddish.  Occurs  with  siderite  at  the  Styrian  minims, 
etc.     With  the  hematite  of  northern  New  York. 

MAQNESITZl. 

Rliombohedral  Axis:  i  =  0  8112.  rr'  =  72°  36'.  Crystals  rare,  usually 
rhombohedral,  also  prismatic.  Commonly  massive;  granular  cleavable  to 
very  compact ;  earthy. 

Cleavage:  r  perfect.  Fracture  flat  conchoidal.  Brittle.  II.  =  3 •5-4*5. 
G.  =  3'0-3'12,  cryst.  Luster  vitreous;  fibrous  varieties  sometimes  silky. 
Color  white,  yellowish,  or  grayish  white,  brown.  Transparent  to  opaque. 
Optically  —.     Double  refraction  strong. 

Comp. — Magnesium  carbonate,  MgCO,  =  Carbon  dioxide  52*4,  magnesia 
47*6  =  100.     Iron  carbonate  is  often  present. 

Breu nneint^  con\nh\8  several  p.  c.  of  FeO;  G.  =  3-3'2;  white,  yellowish,  brownisb, 
rarely  black  and  bituminous;  often  becoming  brown  on  exposure,  and  hence  called  Brown 
Spar. 

Pyr.,  etc. — B:B.  resembles  calcite  and  dolomite,  and  like  the  latter  is  but  slightly 
acted  upon  by  cold  acids;  in  powder  is  readily  dissolved  with  effervescence  in  warm 
hydrochloric  acid. 

Obs. — Found  in  talcose  schist,  serp-ntine  and  other  magnesian  rocks,  also  gj'psum:  as 
veins  in  serpentine,  or  mixed  with  it  so  as  to  form  a  variety  of  verd-antlque  marble. 
Occurs  at  HnibschUtz  in  Moravia;  at  Kraubat  and  Maria-Ze'll,  Styria;  Greiner  in  the 
Zillerihal,  Tvrol;  Snarum,  Norway. 

In  the  U,  5.,  at  Bolton.  Mass.;  at  Roxbury,  veininu  serpentine;  at  Barehills.  near 
Balti»nore,  Md.;  in  Penn.,  in  crystiils  at  West  Goshen,  Chester  Co.;  near  Texas,  Lancaster 
Co.;  in  Tiilnre,  Alameda  Cos..  California.  A  white  snccharoidal  majcnesite  resembling 
statuary  marble  Ims  been  found  as  loose  blocks  on  an  island  in  the  St.  Lawrence  River, 
near  the  Thousand  Island  Park. 
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Inlermedltile  betneeo  megcesite  Kod  riilerlte  are: 

Mkbititk.  aMgCCFoCO,.  «'  =  72°  46'.  Q.  =  8-85-8-86.  Usually  Id  flat  rhoro- 
boLedrouB  i,e,  01l2j  willi  rounded  fftces.     Traversellu,  Piedniout. 

PieroMEeiTE.  MgCOi.FeCUt  =  MagncBium  carbouale  43-0,  iron  carbonate  S8-0  =  100. 
tt"  =  72'  42'.     G,  =  a-4a.     Tburnberg.  Salzburg;  aUo  TvsTerBella. 

BIDXIRITE.    Chalybite,  Spuililc  Iron.    EiKaapath  Germ. 

Rhombohedrul.     Axis  i  =  0-81S4. 
er,   0001  A  lOil  =43°a3'.    tY,     IOilAilOI=  TS"   C. 
eM.  0001  A  4041  =  70°  11'.     MM'.  4041  a  4401  =  118°  48*. 
e»,    0001  A  0551  =  78'    8'.    m".      OSSI  a  S061  =  IIS'SC. 
ed,  0001  a  0881  =  83°  28'.    dtf,     0881  a  8081  =  1 18'  181'. 

Crystals  commonly  rliomboliedral  r  or  e,  tlie 
faces  often  curved  and  built  up  of  siib-individualB 
like  dolomite.  Ofien  cleavable  masGire  to  coarse 
or  fine  granular.  Also  in  botryoida)  and  globular 
forms,  £ubfibrouB  within,  occasiouully  silky  librouE; 
compact  and  earthy. 

Cleavage:  r  perfect.  Fracture  uneven  or  subcouchoidal.  Brittle.  H.  = 
3'5-4.  G,  =  3'83-3-88.  Luster  vitreous,  inclining  to  pearly.  Color  ash-gray, 
yellowish  gray,  greenish  gray,  also  brown  and  biownish  red,  rarely  green;  aud 
sometimes  white.  Streak  white,  'rranslucent  to  sub  translucent.  Optically 
— .     Double  refraction  strong. 

Comp.— Iron  protocarbonate,  FeCO,  =  Carbon  dioxide  37'9,  iron  protoxide 
621  =  100  (Fe  =  48'3  p,  c).  Manganese  may  be  present  (as  in  ohgonile), 
also  magnesium  and  calcium. 

Pyr.,  8te,  — In  tlie  closeil  tube  decrepilnles,  gives  off  CO,,  bintkens  tind  becomea 
tnagoHie,  B  B.  bluckens  iiud  fugta  at  4-6.  Wilb  llie  Uiixt's  reaclB  for  iron,  and  mfib  soda 
nnd  niter  ou  plaliuum  foil  geDeriillj'  gives  u  in:iujpiLi-Be  rtatliuu  Ouly  slowly  acted  i;poa 
by  cold  iicid,  but  ilissolves  iviih  brisk  efFervrscc^oee  id  ImiI  bydroclilorlc  aciil.  Biposnre  lo 
Ibe  Rlmospbere  darkens  its  color,  rendering  it  ofleu  of  a  blnckisb-browii  or  browoi^-red 

Mft— Clin rafteri zed  by  rliombobcdnil  form  nud  cleavage.  Specific  grsTily  bigber 
Ibati  tbnt  of  cnlcire,  liolomite  and  ]iTikeiiie,  Resembles  some  sph^derite  but  lacks  ibu 
resinous  laater,  diflers  in  cleavage  nn);le  and  yields  COi  ^iinl  H|8>  njib  byilrucblorlc  acid. 

Oba. — Occurs  in  maDy  of  Ihe  rock  ftrala.  In  gneiss,  mica  slate,  clay  kIdis,  and  as  clny 
iroD-atone  in  cnnncninn  wilb  Ihe  Coal  formntioii  Hod  miiny  other  sirHilBed  depnails.  Ii  is 
often  asaocisled  witli  metiillk-  ores.  At  Freiberg  It  nci-urs  in  silver  uiines.  In  Coriiwull  it 
neconip&iiies  lin.  It  Is  also  found  accompauyiiig  coiiier  imd  iron  nyriles,  galena,  chalco- 
lite,  letrahetirlle.  OccnslnDally  it  ii  to  tie  met  K-iib  in  trap  rucks  lis  iphei'ondtriU  in 
globular  concret'ona,  ExieDslve  deposits  occur  Id  theEustera  Alps.in  Styi;iaand  Ciiriulliln. 
At  Harzgerode  in  Ibe  Harz.  it  occurs  Id  fine  ci-yatals  In  gniy-wuckei  rIso^Id  Cornvrall  of 
varied  habit  at  many  locniilies:  at  Alston -Moor,  and  Tavisiock,  Devonshire.  Pine  cleavaga 
masses  occur  wlib  cryolite  in  Greenbind, 

In  tbe  United  States,  Id  Vermont,  at  Plymouth.  In  Miiu.M  Sierling.  In  Ctonn.,  at 
Rnxbnry,  au  eTieiisive  vein  In  miarl*.  imvei-shn;  gneiss.  In  If.  York,  ii  series  of  deposits 
occur  in  CnUimbin  Co.;  nt  llie  llrwiie  iron  ndues.  St.  L:iwrt-ncB  Co.  In  If.  Carolina,  at 
Peiitrenv  anil  Harlem  mines.  The  ni-g111acei'us  carbonnle,  in  nodules  and  beds  (clay  Inin. 
s'.ooe).  isabiiiidnni  in  Uie  coal  rejiioiiaof  Penii..  Oliio,  and  many  parts  of  Ibe  country.  In 
a  clay-lie<l  umler  ilie  Tei-llary  along  tlie  wesi  side  of  Chesapeake  £toy  for  50  m. 

RHODOCHROSITE.     Dialogfle,     HiingBospath,  Bimbeerspatb,  Oerm. 
Rhombohedral.    Axis  h  =  0  8184,  rr'  —  73°  0'.     Distinct  crystals  not  com- 
mon;   usnally   the  rbombohedron   r;    also  e,   with   rounded   striated   faces. 
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Cleavable,  massive  to  granular  massive  and  compact.  Also  globular  and 
botrjoidal^  with  columnar  structure,  sometimes  indistinct ;  incrusting. 

uleavage:  r  perfect.  Fracture  uneven.  Brittle.  H.  =  3'5-4"5.  G.  =  3*45- 
3-60  and  higher.  Luster  vitreous,  inclining  to  pearly.  Color  shades  of  rose- 
red;  yellowish  gray,  fawn-colored,  dark  red,  brown.  Streak  white.  Translu- 
cent to  subtranslucent.     Optically  — . 

Comp. — Manganese  protocarbouate,  MnCO,  =  Carbon  dioxide  38*3,  manga- 
nese protoxide  61*7  =  100.  Iron  carbonate  is  usually  present  even  up  to  40 
p.  c,  as  in  mauganosiderite;  sometimes  the  carbonate  of  calcium,  as  in  man- 
ganocalcitey  also  magnesium,  zinc,  and  rarely  cobalt. 

Tyx.,  etc. — B.B.  chuDfi^es  to  gray,  browD,  aud  black,  and  decrepitates  etrongl}',  but  Is 
infusible.  With  salt  of  phosphorus  and  borax  iu  O.K.  gives  au  ametbystlDe-colored  boid, 
in  R.F.  becomes  colorless.  With  soda  on  platinum  foil  a  bluish-green  mauganate.  Dissolves 
with  eHervesccBce  in  warni  hydrochloric  acid.  On  exposure  to  the  air  changes  to  brown, 
aud  Kome  bright  rise-red  varieties  become  paler. 

Diff. — ChamcteriEed  by  its  pink  color,  rhombohedral  form  and  cleavage,  effervescence 
iu  acids. 

Obs. — Occurs  commonly  in  veins  along  with  ores  of  silver,  lead  and  copper,  and  with 
other  ores  of  manganese.  Found  at  Scheiniiitz  and  Eapnik  in  Hungary;  Nag>'&g  in 
Transylvania:  at  Freiberg  iu  Saxony;  at  Diez  near  Oberueisen  in  Nassau;  at  Daaden, 
Riieinprovinz;  at  MoetFontalue  in  the  Ardennes.  Belgium.  In  the  U.  8.,  at  Branchville, 
Conn. ;  in  New  Jersey,  with  f nuikliniie  at  Mine  Hill,  Franklin  Furnace.  In  Colorado,  at  the 
John  Reed  mine,  Alicante.  Lake  Co.,  in  beautiful  clear  rhombohedrons;  also  at  the  Oulay 
mine,  near  Lake  City.  In  Montana,  at  Butte  City.  Abundant  at  the  silver  mines  of  Austin, 
Nevada.    At  Placentia  Ba^,  Newfoundland. 

Named  rJiodoelirosite  from  poSov,  a  rose,  and  XP^^^^*  color;  and  dicUogite,  from 
SiaXoyiff  doubt 

SMITHSONITZ].     Calamine  pt.     Zinkspath.     Dry-bone  Miners, 

Rhombohedral.  Axis  6  =  0-8063.  rr'  =  72°  20'.  Rarely  well  crystallized ; 
faces  r  generally  curved  and  rough.  Usually  reniform,  botryoidal,  or  stalac- 
title,  and  in  crystalline  incrustations;  also  granular,  and  sometimes  impalpable, 
occasionally  earthy  and  friable. 

Cleavable:  r  perfect.  Fracture  uneven  to  imperfectly  conchoidal.  Brittle. 
H  =  5.  G.  =  4*30-4  45.  Luster  vitreous,  inclining  to  pearly.  Streak  white. 
Color  white,  often  grayish,  greenish,  brownish  white,  sometimes  green,  blue 
and  brown.     Snbtransparent  to  translucent.     Optically  —. 

Comp, — Zinc  carbonate,  ZnCO*  =  Carbon  dioxide  35*2,  zinc  protoxide  64*8 
=  100.  Iron  carbonate  is  often  present  (as  in  monheimile);  also  manganese 
and  cobalt  carbonates;  further  calcium  and  magnesium  carbonates  in  traces; 
rarely  cadmium  and  indium. 

Pjrr  .  etc.  — In  the  closed  tube  loses  carbon  dioxide,  and,  if  pure,  is  yellow  while  hot  and 
white  on  cooling  B.B.  infusible:  moistened  with  cobalt  solution  and  heated  iu  O  F.  gives 
a  i;reen  color  on  cooling.  With  soda  on  charcoal  coats  the  coal  with  the  oxide,  which  is 
yellow  while  hot  and  white  on  cooling:  this  coating,  moistened  with  cobalt  solution,  gives 
a  green  color  after  heating  in  O.P.     Soluble  in  hydrochloric  acid  with  effervescence. 

Diff. — Distinguished  from  calamine,  which  it  often  closely  resembles  by  its  effervescence 
in  acids. 

Obs.— Found  both  in  veins  and  beds,  especially  in  company  with  galena  and  sphalerite; 
also  with  copper  nnd  iron  ore<i.  It  usually  occurs  in  calcareous  rocks,  and  is  generally  asso- 
ciated with  rnlnmine.  and  sometimes  with  limonite.  It  is  often  produced  "by  the  action 
upon  zinc  sulphide  of  carbonated  waters. 

Found  at  Nercliinsk  in  Siberia:  at  Dognaczket  in  Hungary;  Bleiberg  and  Raibel  lo 
Carinthia:  Wic^loch  in  Baden:  Moresnet  in  Belgium:  Altenbcrg.  In  the  province  of 
Bantander.  Spain,  at  Puente  Viesgo.  In  En^lnnff,  at  Roughten  Gill,  Alston  Moor,  near 
Matlock,  in  the  Mendip  Hills,  and  elsewhere;  in  Scotland,  at  Lead  hills;  in  Ireland,  at 
Donegal.     At  Laurion,  Qreece,  varieties  of  many  colors. 


OABBOHA.TES. 


lo  tlie  U.  Stntes.  Id  Pena.,  at  Lancaster  Bbundact,  Iho  vsr.  called  "  dry-lioiie" ;  Kt  llie 
Ueberrnih  mlue,  u«ar  Betbleliem.  In  scaleuolicilrous.  Is  in$anina,  ut  Hiuerat  Poliir, 
SliullaUurK.  etc.,  pMudomorplis  after  Bpbalerite  and  calclle.  In  Miniutota,  nt  Ewliig'a 
diggings,  N.  W.  [)f  Dubuque,  etc.  In  soutli-weateru  Mitmmri  asBuciiitiid  wlib  apbalurlie 
aud  calumiLie.  In  Arkatuat,  nt  Calamine,  Luwreuce  Ci>.;  In  Huriun  Co.  A  pluk  cubuliif- 
eruus  vuriety  occurs  hI  Biileo,  Loner  Califoruia. 

Named  after  James  Sinlibaou  (17S4-1B3U).  wbo  founiled  ibe  Smithsonian  Instliutlnu  Id 
Waabingtou.     TUt:  name  calamine  la  frequeuily  used  in  Eaglaud,  cf.  calumlue,  p.  446. 

Bph«rooobalttte.  Cobalt  protocarboDale,  CoCOi,  KobultspalL  Germ.  KLombn- 
kedi-al.  Id  small  Bpbetical  maaaes,  witb  cryaUlline  aurface,  rorelf  iu  crystals.  0,  =  4-02- 
4*13.    Color  roae-red.    From  Scbneeberg,  Saxony. 

2.  Aragouite  Group.     KCO,.     Orthorbombic 
For  Hat  of  species,  see  p.  333. 
AHAOONITB. 

Orthorhonibic.     Aiea  &:h:6  =  0-63344  :  I  :  0-72056. 
mm"',  110  A  liO  =  63°  48'.  708.  709.  710. 
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W. 


Ill  A  111 


PI/".    111^ 


=  71°  88'. 
:  86°  24i'. 

:  M°  %r. 


Crystals  often  acicolar, 
and  characterized  by  tbe 
presence  of  acute  domes  or 
pyramids.  Twins:  tw.  pi. 
VI  commonly  repeated,  pro- 
d  u  c  i  n  g  pseuaoliexagoDal 
forms  (see  p.  13?,  Figs.  398, 
399  and  7L0).  Also  globular,  reoiform,  and  conilloidal  shapes;  sometimes 
columnar,  struight  or  divergent;  also  stalactitic;  incruHting. 

Cleavage:  b  distinct;  also  m;  k  (Oil)  imperfect  Fracture  subconchoidal. 
Brittle.  H.  =  3-5-4.  G.  =  2-9.3-3-95.  Luster  vitreons,  inclining  to  resinoua 
on  surfaces  of  fracture.  Color  white;  also  gray,  yellow,  green  and  violet; 
streak  uncolored.  Transparent  to  translncent.  Optically — .  Ax.  pi.  [  a, 
Bx  J.  c.     Dispersion  p  >  v  small.     2E,  =  30°  54'.     /?,  =  1-681G. 

Comp.— Calcinm  carbonate,  CaCO,  =  Carbon  dioxide  44-0,  lime  56-0  =  100. 
Some  varieties  contain  a  little  strontium,  others  lead,  and  rarely  zinc. 

Ykc.— Ordinary.  (<i)  Cryatnlllzed  In  aimiile  or  conipnunil  crystiilr.  tin.'  Litter  mucb  tbe 
most  comfnon;  often  lu  raniattng  groups  of  aclcular  crystals.  CulumDar;  also  floe 
fibro'iR  wUb  aiihy  Inalvr.     (e)  Maralvc. 

8li%tnetitie  or  ttalagmxtic :  EUber  compact  or  flbroua  fii  structure,  as  with  calrile;  8pm- 
deUUin  la  al]itactlllc  from  Carlsbad.  CoraUoidal :  Id  groupings  of  dellcale  interlacing  and 
I'oalescini;  sicnis.  of  a  SDnw-whIte  color,  and  looking  a  Utile  like  coriil;  often  called  Ftot- 
frrri  (EiacnblQtbe  Oerm.).  TarrfivittiU  Is  a  kind  coolatnlnglead  carbonnie  (4  to  8  p.  c.), 
from  Turnnwitz  in  Silesia;  wtih  G.  =  aW. 

Pyr.,  etc. — B  B.  wbltens  and  falls  lo  pieces,  and  somelimes,  wben  coiitnlninfr  atrontla, 
Imparl!!  a  mire  Inienselj  red  color  lo  tlie  Bame  iban  lime;  ollierwiiie  reads  like  cjilcile. 

Dill.— nistlneiiished  from  oilcite  hv  higher  speciflc  gravity  and  absence  of  rliomlMihedml 
cleaviige:  from  the  zeolites  (t.g..  naimlltc).  etc.,  by  effervescence  in  nrld.  Slvontlanile  nnd 
tvilbeille  are  fusible,  higher  in  specific  gnivity  and  yield  disiinctive  fl]imes  B.B.  The 
resinous  ln>>ter  on  fmctnre  surrace.t  is  to  be  noted. 

Oba  — The  most  common  repositorica  of  anigonlle  nre  l)ed8  of  gypsnm;  also  beds  of  i'on 
ore,  ns  the  Styrlnn  mines,  wliere  it  occurs  In  coralloldsl  forms,  and  is  denoininaii'd  JIf- 
firri.  "Jtofeer'of  iron";  in  liasnll;  occnMonally  ir  occurs  in  Invnsi  oflen  assoclaipil  wiili 
copper  aod  iron  pyrites,  galenn,  and  malachite.     It  constitutes  tbe  pearly  layer  of  shells. 
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First  discovered  in  Aragou,  Spain  (vrbence  its  name),  at  Moliua  and  ValcDcia,  in  six- 
sided  prisms,  with  gypsum.  Prominent  localities  are  Biliu,  Boliemia;  Leogaug  in  Salzburg, 
Ausiria;  Herreugriind,  Hungary;  with  sulphur  in  Sicily  in  tine  prisms;  also  at  Alston  Moor, 
tine  lupering  crystals. 

In  iibrous  crusts  at  Hoboken,  N.  J.;  at  Edenville  and  Rossie.  N.  Y. ;  Wood's  Mine, 
Lancaster  Co.,  Peuu.;  Warsaw,  111.,  lining  geodes;  Mine-lu-Motie  Mo.,  in  crystals.  Flo9' 
ferri  in  the  Organ  Mts.,  New  Mexico. 


WrrHERTTE. 

Orthorhombic.  Axes  a  :  I :  i  =  0*6032  :  1  :  0*7302.  Crystals  always  repeated 

711,  twins,   simulating   hexagonal   pyramids,  Fig.  Til  (cf. 

a  b  Fig.  557,  p.  227).    Also  massive,  columnar  or  granular. 

Cleavage  :  b  distinct  ;  m  imperfect.  Fracture 
uneven.  Brittle.  H.  =  3-3*75.  G.  =  4-27-4-35.  Luster 
vitreous,  inclining  to  resinous  on  surfaces  of  fracture. 
Color  wliite,  yellowish,  grayish.  Streak  white.  Sub- 
transparent  to  translucent. 

Comp. — Barium  carbonate,  BaCO,  =  Carbon  di- 
oxide 22*3,  baryta  77*7  =  100. 

Pyr.,  etc.— B.B.  fuses  at  2  lo  a  bead,  coloring  the  flame 
yellowish  green;  after  fusion  reacts  alkaline.  B.B.  on  cbarcoal 
with  soda  fases  easily,  and  is  absorbed  by  tbe  coal.  Soluble  in 
dilute  liydrocljloric  acid;  this  solution,  even  when  very  much 
diluted,  gives  with  sulphuric  acid  a  white  precipitate  which  is 
insoluble  in  acids. 

Diflf — Distinguished  by  its  high  specific  gravity;  effer- 
vescence in  acid;  vr^^^^u  coloration  of  the  flame  B.B.  Barite  is 
insoluble  in  hydrochloric  acid. 

Obs.— Occiu's  at  Alston  Moor  in  Cumberland,  with  galena; 
at  Fallowfield  near  Hexham  in  Northumberland;  Tarnowitz  in  Silesia-  Leogang  in  Sals- 
burg;  near  Lexington.  Kentucky,  with  barite.  In  a  silver-bearing  vein  near  liabbit  Mt., 
Thunder  Bay,  L.  Superior. 

Bromlite.      (Ba.Ca)COs.      In  pseudohezagonal    pyramids    (Figs.    558,   559,   p.   227). 
Bromley  Hill,  near  Alston,  Cumberland. 


6 


8TRONTIANITE. 

Ortborhonibic.     Axes  a  :h:d  =  06090  :  1  :  0-7239. 

Crystals  often  acicular  or  acute  spear-shaped,  like  aragonite.  Twins:  tw. 
pi.  ni  common.     Also  columnar,  fibrous  and  granular. 

Cleavage:  i?e  nearly  perfect;  ft  in  traces.  Fracture  uneven.  Brittle.  H. 
=  35-4.  G.  =  3080-3*71 4.  Luster  vitreous;  inclining  to  resinous  on  faces 
of  fracture.  Color  pale  asparagus-green,  ap})le-green ;  also  white,  gray,  yellow, 
and  yellowish  brown.  Streak  white.  Transparent  to  translucent.  Optically  — . 
Ax.  pi.  II  b.     Bx  i_  c.     Dispersion  p  <  v  small.     2Er  =  12"  17'. 

Comp. — Strontium  carbonate,  SrCO,  =  Carbon  dioxide  29'9,  strontia  70*1 
=  100.     A  little  calcium  is  sometimes  present. 

Pyr.,  etc  —B.B  swells  up,  throws  out  minute  sprouts,  fuses  only  on  tbe  thin  edges,  and 
f'olors  the  flnme  strontia-red;  the  as«ay  reiicts  alkaline  after  ignition.  Moistened  with 
hydiorhlorie  acid  and  treated  either  B  B.  or  in  the  naked  Inmp  jrives  an  intense  re<l  color. 
Soluble  in  liydrocbloric  acid;  the  dilute  solution  when  treated  with  sulphuric  acid  giyet  a 
white  precipitate. 

Diff. — DilTers  from  related  minerals,  not  carbonates,  in  eflfervescing  with  acfds;  has  a 
higher  specific  gravity  than  aragonite  and  lower  thnn  witherite:  colors  the  flame  red  B  B. 

Obs.— Occurs  at  Strontlan  in  Argyllshire:  in  Yorkshire,  England;  Claustbal  in  tbe 
Harz;   Brstunsdorf,  near  Freiberg,  Saxony;   Leogang  in  Salzburg;   near  Brixlegg,  Tjriol 


t:AUBONAT£S. 


{caleiottrontianitt):  Id  fine  crjralute 
AlUlilen,  WespbKlia. 

Ill  ihe  U.  Stales,  occun  at  Schnbarie,  N.  Y.;  dI 
Theresa,  in  Jeflenou  Co.,  N.  V.,  Mifflin  Co.,  Peon 


Hamin,  WestpLalia;  at  ibe  WilbelmlDe  mine  near 
Muscatonge  Lake;  Cbaumont  Bajr  aod 


OBRUSaTTE.    Wbfte  Lead  Ore.    Weissbleierz  Gtm>. 
OrUiorhombic.     Axes  d  :  i  :  <?  =  0-6099?  :  1  i  0-72300. 
712  713.  714. 


(frl 


.110  a  110=  83°  46'. 

ep,  000  A  ni 

=  54°  14'. 

Oil  A  Oil  =  71°  44'. 

PI/,   m  A  ill 

=  87"  43'. 

031  A  021  =  llO"  40*. 

PP"'.  Ill  A  111 

=  49''  501' 

ijimple  crystals  often  tabular  |  b,  prismatic  |  d;  also  pyramidal.  Twins: 
tw.  pi.  VI,  very  common,  contact-  and  penetration-twins,  often  re|>eate(1  yielding 
six-rayed  stellate  groups.  Crystals  grouped  in  clnatera,  and  aggregates.  Rarely 
fibrous,  often  granular  massive  and  compact;  earthy.     Sometimes  etalactitic. 

Cleavage:  vi  and  i  (021)  distinct;  b  and  x  (013)  in  traces.  Fracture  con- 
choidal.  Very  brittle.  H.  =  3-3-5.  G.  =  6-46-6-574.  Luster  adamantine, 
inclining  to  vitreous,  resinous, or  pearly;  sometimes  submetullic.  Golorwhite, 
gray,  grayish  black,  sometimes  tinged  blue  or  green  (copper) ;  streak  uncolored. 
Transparent  to  subtranslucent.  Optically—.  Ax.  pi.  |i.  BxXc.  Dispersion 
p  >  V  large.     Indices  and  axial  angles,  Schrsnf : 


LineD        1-80308  207028        207803     .■. 

Comp. — Lead   carbonate,  PbCO,  =  Carbon  dioxide  : 


>-5,  lead  oxide  83  5 


Pyr..  etc  —Id  (lie  closed  tube  dacrepllnlea,  losen  carbon  dioxide,  turns  flraC  yellow,  and 
lit  a  higliiT  teiii|«;ialiire  liiirk  red,  but  becomes  airain  yellow  on  cooling.  B.B.  on  cbiircoal 
runes  very  en  ily,  and  iu  K.F.  yIeliU  melnlllc  lead.     Soluble  fn   dilute  nitric  acid  with 

DIff  — CImnicterizeil  by  hivli  npeciflc  gi-avllv  nnd  adamnnttne  lusler;  iilso  by  yielding 
lead  B.B.     Unlike  an^'lesiie.  it  efffrvesces  witli  nitric  ncjd. 

Oba.— Occiii-s  in  couDectioQ  witb  olber  laud  minerals,  and  is  formed  from  galenn,  which. 
M  It  passes  to  a  suliihnli-,  nay  be  cbanped  lo  cnrtionale  by  means  of  solutions  of  colcium 
tiicarboDiLte.  It  is  found  at  Jolianngeorgcnsroilt  in  beniitifiil  cry^^tais;  Moiiie  Ponl.  Sardinia; 
Friediiclissi'gen.  Na»<nn:  Bndenwetler,  Biidei';  at  CInustbiil  'in  Ihe  Harz:  at  Blrilierg  in 
Oiiritilliln:  in  En^lan  t,  in  Cornwall:  :it  E  Tamnr  mine.  Devonshire,  mcht  Mullock  and 
Wirkswoith,  Deriiysblre:  iit  LeaillTllls  hiiiI  Wnulocklieod.  Scotliind. 

Pound  in  Pen;.,  iit  Plieinivillc.  In  Virginia,  nt  Austin's  mines.  Wyllie  Co.  In  N. 
Carolina,  In  King's  mine.  In  'Wisconsin  and  otber  lead  niinit  of  ilie  north  western  Stales, 
nreiy  it)  CTT«lul8:  nt  Huzelgre'-ii.  crystals  coatinj;  galena.  In  Colorado,  nt  Leadfille,  nnd 
elsewhere.  In  Aritona,  ai  tbe  Flux  mine,  Pima  Co.,  io  large  crystalline  mossee;  in  crystals 
»(  the  Red  Cloud  miue,  Yuma  Co. 
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BARTTOOALOTTB. 

Monoclinic.  Axes  a  :  h  :  6  ==  0-7717  :  1  :  0C254;  p  =  73°  52'.  In  cryetak; 
ako  massive. 

Cleavage:  m  perfect;  cless  so.  Fracture  uneven  to  subconchoidal.  Brittle. 
H.  =  4.  G.  =  3(i4-3*C6.  Luster  vitreous,  inclining  to  resinous.  Color  white^ 
grayish,  greenish  or  yellowish.     Streak  white.     Transparent  to  translucent. 

Comp. — Carbonate  of  barium  and  calcium,  BaCOs.CaCOs  =  Carbon  dioxide 
29-G,  baryta  51-5,  lime  18-9  =  100. 

Pjrr.,  etc. — B.B.  colurs  the  flame  yellowish  grecu,  and  at  a  high  temperature  fuses  on 
the  thin  edges  and  assumes  a  pale  green  color;  the  assay  reacts  alkaline  after  ienition. 
With  the  Huxes  reacts  for  manganese.  With  soda  on  charcoal  the  lime  is  separatee ^as  an 
infusible  mass,  while  the  remainder  is  absorbed  by  the  coal.  Soluble  in  dilute  hydro- 
chloric acid. 

Obs. — Occurs  at  Alston  Moor  in  Cumberland,  iu  limestone  with  barite  aud  fluorite. 

Bismatosphilrite.  Bis(COs)s.2BiaO«.  In  spherical  forms  with  nidiated  structure. 
G.  =  7  42.  Color  yellow  to  gray  or  blackish  brown.  From  Schneeberg,  Saxony.  Also 
sparingly  at  Willimantic  and  Portland,  Conn.,  as  a  result  of  the  alteration  of  bismiithinite. 

Parisite.  A  fluocarbonate  of  the  cerium  metals.  In  acute  double  hexagonal  pyramids. 
H.  =  4  5.  G.  =  4'358.  Color  brownish  yellow.  From  the  emerald  mines  of  the  Muso 
valley,  U.  8.  Colombia. 

Bastnasite.  Hamartite.  A  fluocarbonate  of  the  cerium  metals  (RF)COs.  Color  wax- 
yellow  to  reddish  brown.  From  the  Bastnfis  mine,  Kiddarhyttan,  Sweden.  Also  as  an 
alteration  product  of  tysouite  iu  the  granite  of  the  Pike's  Peak  region  in  Colorado. 

PHOSaBNTTB. 

Tetragonal.     Axis  6  =  10876.     Crystals  prismatic;  sometimes  tabular  |  c. 
Cleavage:  w,  a  distinct;  alsoc.   Rather  sectile.   U.  =  2*75-3.  G.  =  6*0-6"3. 
Luster  adamantine.     Color  white,  gray,  and  yellow.     Streak  white.     Trans- 
parent to  translucent.     Optically  4- . 

Comp.— Chlorocarbonate  of  lead,  (PbCl),CO,  or  PbCO,.PbCl,  =  Lead 
carbonate  490,  lead  chloride  51*0  =  100. 

Pjrr.,  etc. — B.B.  melts  readily  to  a  yellow  globule,  which  on  cooling  becomes  white 
and  crystalline.  On  charcoal  in  R.F.  gives  metallic  lead,  with  a  white  coating  of  lead 
chloride.  With  a  salt  of  phosphorus  bead  previously  saturated  with  copper  oxide  gives  the 
chlorine  reaction.     Dissolves  with  effervescence  in  dilute  nitric  acid. 

Obs. — At  Cromford  near  Matlock  iu  Derbyshire;  at  Gibbas,  Monte  Poni  and  Monte- 
vecchio  in  Sardiuia. 

Northupite.  MgCOj.NajCOs.NaCl.  In  isometric  octahedrons.  White  to  yellow  or 
gray.     From  Borax  Lake,  San  Bernardino  Co.,  California. 


B.   Acid,  Basic,  and  Hydrous  Carbonates. 

Teschemacherite.     Acid  ammonium    carbonate,  HNH4C03.     In  yellowish  to  white 
crystals.     G.  =  1*45.     From  guano  deposits  of  Africa,  Patagonia,  the  Chincha  Islands. 


MAIiAOHTTE. 

Monoclinic.     Axes  d:h:i  =  0-8809  :  1  :  0'4012  ;  /3  =  6V  50'. 

Crystals  rarely  distinct,  usually  slender,  acicular  prisms  (mm"'  =  75**  40'), 
grouped  in  tufts  and  rosettes.  Twins:  tw.  pi.  a  common.  Commonly  massive 
or  incrusting,  with  surface  botryoidal,  or  stalactitic,  and  structure  divergent; 
often  delicately  compact  fibrous,  and  banded  in  color;  frequently  granular  or 
earthy. 

Cleavage:  c  perfect;  J  less  so.  Fracture  subconchoidal,  uneven.  Brittle. 
H.  =  3*5-4.     G.  =  3"9-4*03.      Luster  of  crystals  adamantine,   inclining  ia 
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yitreons  ;  of  fibrous  varieties  more  or  less  silky  ;  often  dull  and  earthy.     Color 
bright  green.     Streak  paler  green.    Translucent  to  subtranslucent  to  opaque. 
Comp.— Basic    cupric    carbonate,   CuCO,.Cu(OH),  or   2CuO.CO,.H,0  = 
Garbon  dioxide  19*9,  cupric  oxide  71*9,  water  8'2  =  100. 


r.,  etc. — In  tbe  closed  tube  blackens  and  yields  water.  B.B.  fuses  at  2,  coloring  ibe 
flame  emerald-green;  on  charcoal  is  reduced  to  metallic  copper;  with  the  fluxes  reacts  like 
cuprite.    Soluble  in  acids  with  effervescence. 

Diff. — Characterized  by  greeu  color  aud  copper  reactions  B.B. ;  differs  from  other  copper 
ores  of  a  green  color  in  its  effervescence  with  ucids. 

Oba.— Common  with  other  ores  of  copper  aud  as  a  product  of  their  alteration ;  thus  as  a 
pseudomorph  after  cuprite  and  uzurite.  Occurs  abutidautly  iu  the  Unil;  at  Chessy  in 
France;  in  Cornwall  and  in  Cumberland,  Euglaud;  Rheiubreitbiich:  Dillenburg,  Nassau; 
Betzdorf  near  Siegen.  At  the  copper  mines  of  Mizhui  Tngilsk;  with  the  copper  ores  of 
Cuba;  Chili;  at  the  Cobar  mines  and  elsewhere  in  New  South  Wales;  South  Australia. 

Occurs  in  i^T.  Jersey,  at  Schuyler's  mines,  nnd  at  New  Brunswick.  In  Pennsylvania,  at 
Cornwall,  Lebanon  Co.;  at  the  Perkionien  and  Phenixville  lead-mines.  In  Wucontin,  at 
the  copper  mines  of  Mineral  Point,  and  elsewhere.  Abundantly  in  fine  masses  and  acicular 
crystals,  with  calcite  at  the  Copper  Queen  mine.  Bisbee.  Cochise  Co..  Arigona;  also  iu 
Graham  Co..  at  Morenci  (Q  m.  from  Clifton),  in  stalactitic  forms  of  malachite  and  azurite 
in  concentric  bands.  At  the  Santa  Rita  mines.  Qnint  Co.,  and  elsewhere  in  New  Mexico, 
Tintic  district,  Utah,    Named  from  MaXax^h  malUnoB,  in  allusion  to  the  green  color. 


AZURTTB.     Eupferlasur  Oerm. 
Monoclinic.     Axes  :  d:t:d  =  0 8501  :  1  :  08805;  /3  =  87^  36'. 


716. 


717. 


718. 


mm"\  110  A  110 
ac,  100  A  001 
CO-,  001  A  101 
W,   028  A  028 


80*  41'. 
87'  86'. 
44'  46'. 
60*  47'. 


pj/,  021  A  021 
em,  001  A  HO 
erf.  001  A  248 
hh\  221  A  221 


120-  47'. 
88M0'. 
54"  2y. 
78'  56'. 


Crystals  varied  in  habit  and  highly  modified.  Also  massive,  and  ^resenting 
imitative  shapes,  having  a  columnar  composition;  also  dull  and  earthy. 

Cleavage:  p  (021)  perfect  but  interrupted;  a  less  perfect;  m  in  traces. 
Fracture  conchoidal.  Brittle.  H.  =  3*5-4.  6.  =  3-77-3'83.  Luster  vitreous, 
almost  adamantine.  Color  various  shades  of  azure-hlue,  passing  into  Berlin- 
blue.     Streak  blue,  lighter  than  the  color.     Transparent  to  subtranslucent. 

Comp.— Basic  cupric  carbonate,  2CuC0,.Cu(0H),  or  3Cu0.2CO,.H,0  = 
Carbon  dioxide  25*6,  cupric  oxide  69*2,  water  5  2  =  100. 


etc. — Same  ns  in  malachite. 

Diff.— Characterized  by  its  blue  color;  effervescence  in  nitric  acid;  copper  reactions 
B.B. 

Oba. — Occurs  in  splendid  crystallizations  at  Chef^y,  near  Lyons,  whence  it  derived  the 
name  Chessy  Copper  or  chessylite.  Also  in  fine  crystals  in  Siberia;  Moldawa  in  the  Banat; 
at  Wheal  Builer,  near  Bedruth  in  Cornwall;  in  Devonshire  and  Derbyshire,  England; 
Cobar  mines  and  elsewhere  in  New  South  Wales;  South  Australia. 

Occurs  in  Penn.,  at  Phenixville,  in  ciystals.  In  N.  Jersey,  near  New  Bninswick.  In 
Wisconsin,  near  Mineral  Point.    In  Arieona,  at  the  Longfellow  and  other  mines  in  Qraham 
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Co.;  with  malncbite  in  beautiful  crystals  at  the  Copper  Queeu  mine,  Bisbee.  lu  Gniut 
Co.,  New  Mexico.  At  the  Mauiinoih  uiiue  iu  the  Tiutic  district,  Utah,  lu  CtiUfornia, 
Caluverus  Co.,  at  Hughes's  niitie,  iu  crystals. 

Aurichalcite.     A   basic   Cjirbonate  of  zinc  aud  copper,    2(Zu,Cu)COs.3(Zu,Cu)  OH)^ 


In  drusy  incrusiations.     G.  =  8  5-i-3  64.     Luster  pearly.     Color  pale  grecu  to  skv  blue. 

"  U.  fci.,ul 

Lancaster,  Pa.;  tlie  Saula  Caleriua  Mis.,  Arizona;  Beaver  Co.,  Utah. 


From  the  Altai,  Chessy,  near  Lyons;  liezbanya,  Hungary;  and  elsfwuere.     In  the 


Hydrozincite.  A  basic  zinc  carbonate,  perhaps  ZnC0s.2Zn(0IJ),.  Massive,  iibrous, 
earthy  or  coinpac^t.  as  incrustations.  G.  =  3'5»-38.  Color  white,  grayish  or  yellowish. 
Occurs  at  min^s  of  zinc,  as  a  result  of  alteration.  In  great  quantiiies  at  the  Dolores  miue. 
Santandcr,  Spain.     In  the  U.  S.,  at  Friedeusville,  Pa.;  at  Linden,  in  Wisconsin. 

Hydrocerussite.  A  basic  lead  carbonate,  prol)ably  2PbC0,.Pb(0H),.  In  thin  colorlesa 
hexagonal  plates.  Occurs  iis  a  coating  on  native  lead,  at  Mngban,  Sweden;  with  galena 
at  Wanlockhead.  Scotland. 

Dawsonite.  A  basic  carbonate  of  aluminium  and  sodium,  NasAI(C0s)s.2Al(OH)a. 
In  thin  incrustations  of  white  radiating  bladed  crystals.  O.  =  2*40.  Found  on  a  feldspatliic 
dike  near  McGill  College,  Montreal.  From  the  province  of  Siena,  Piao  Castaguaio^ 
Tuscany. 


Thermonatrito.  Hydrous  sodium  carbonate,  NiiiCO, -f- H^O.  G.  =  1*5-1 '6.  Ocean 
in  various  lakes,  and  iva  an  efflorescence  over  the  soil  in  many  d  y  regions. 

Nesquehonite.  Hydrous  magnesium  carbonate,  MgCOs  +  3H,0.  In  radiating ^roaps 
of  prismatic  crystals  G.  =  I'SS-l'SS.  Colorless  to  white.  From  a  coal  mine  at  l^sque- 
honing,  Schuylkill  Co  ,  Penn.     See  iansfordite,  p.  367 

Natron.  Hydrous  sodium  carbonate,  NaaCOs  +  10H«O.  Occurring  in  nature  only  in 
solution,  as  in  the  soda  lakes  of  Egypt,  and  elsewhere,  or  mixed  with  the  other  sodiam 
carbonates. 

Pirssonite.  OaCOt.NaaCOi  2H9O.  In  prismatic  crystals,  orthorhombic-hemimorpbic 
Colorless  to  white.     Borax  Lake,  San  Bernardino,  California. 


QAY  liUSSITB. 

Monocliiiic.     Axes  a:i:d  =  1-4897  :  1 :  1*4442;  /3  =  78**  27'. 

719.  720.  „,^'/'^  no  A  no  =  iir  lo'. 

ee\  Oil  A  Oil  =  109"  80'. 
me.  110  A  Oil  =  42"  21'. 
rr'.      112  A  112  =    69"*  29'. 

Crystals  often  elongated  0  a;  also 
flattened  wed ge-sli aped.  Cleavage: 
in  perfect;  c  rather  difficult.  Frac- 
ture conchoidal.  Very  brittle.  H.  ■= 
2-3.  G.  =r  1-93-1 -95.  Luster  vitre- 
ous. Color  white,  yellowish  white. 
Streak  uncolored  to  grayish.     Translucent. 

Comp. — Hydrous  carbonate  of  calcium  and  sodium,  CaCCNa^COi  +  5H,0 
=  Calcium  carbonate  33*8,  sodium  carbonate  35*8,  water  30*4  =  100. 


Pyr.,  etc. — Heated  in  a  closed  tube  decrepitates  and  become**  opaque.     B.B.   fm 
eJisily  to  a  white  enamel,  and  colors  the  flame  intensely  yellow.     Dissolves  in  ncJds  wiih 
brisk  effervescence;  partly  soluble  in  water,  and  reddens  turmeric  paper. 

Obs.— Abundant  at  L»igunilla,  near  Merida.  in  Venezuela,  in  crystals  disseminated  ftl 
the  bottom  of  a  small  lake,  in  a  bed  of  clny.  covering  vrao.  Also  abundant  in  Little  Snh 
Luke,  or  Soda  Lake,  in  the  Carson  desert  near  Ra&rtown.  Nevada,  deposited  upon  tbe 
evaporation  of  the  water.     Named  after  Guy  Lussac.  the  French  chemist  (1778-1850). 

Lanthanite.  L»9(C0i)i  -f  0H,O.  In  thin  tabular  crystals;  also  granular,  earthj. 
G.  =  2*605,    Color  grayish   white,   pink,   yellowish.     Found  coating  cerite  at  ~ 
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Sweden;  with  zinc  ores  of  the  Saucon  valley,  Lehigh  Co.,  Pa.;  at  the  Sandford  iron-ore  bed, 
Moriah,  N.  Y. 


TRONA.     Urno. 
Monocliuic.    Axes:  €t:i:i=  28460  :  1  :  2-9700;  /3  =  77°  23'. 

ca,    001  A  100  =  77*  28'.  72i. 

CO,    001  A  ill  =  75"  5»1'. 
oo'\  ill  A  lli  =  4.'*a6i'. 


Often  fibrous  or  columnar  massive. 

Cleavage:   a   perfect;  o,   c  in    traces.    Fracture 
uneven  to  subconcboidai.     H.  =  2-5-3.     G.  =  2*1 1- 
214.     Luster  vitreous,  glistening.     Color  gray  or  yellowisli  white.     Translu- 
cent.    Taste  alkaline. 

Comp.— Na,CO,.HNaCO,  +  2H,0  or  3Na,0.4CO,.5H,0  =  Carbon  dioxide 
38*9,  soda  41*2,  water  19*9  =  100. 

Chatard  estublished  the  above  composition  for  urao,  aud  showed  that  tronu,  sometimes 
called  "sesquicarbouate  of  soda/'  is  au  impure  form  of  the  same  compound. 

Pyr.,  etc.— In  the  closed  tube  yields  water  and  carbon  dioxide.  B.B.  imparts  an 
intensely  yellow  color  to  the  flame.  Soluble  in  water,  and  effervesces  with  acids.  Reacts 
alkaline  with  moistened  test-paper. 

Obs. — Found  iu  the  province  of  Fezzsn,  Africa,  forming  thin  superficial  crusts;  at  the 
bottom  of  a  lake  at  Lnguuilla,  Venezuela,  8.  A.  Efiiorescences  of  trona  occur  near  the 
Sweetwater  river.  Rocky  Mountains.  An  extensive  bed  in  Churchill  Co.,  Nevada.  In 
fine  crystals  at  Borax  lake,  San  Bernardino  Co.,  California,  with  hauksite,  glauberite, 
theuurdite,  etc. 

Hydromagnesito.  Basic  magnesium  carbonate,  8MgC0s.Mg(0H)t  -f  8HaO.  Crystals 
small,  tufted.  Also  amorphous;  as  chalky  crusts.  Color  and  streak  white.  Often  occurs 
with  serpentine;  thus  at  HrubschUtz,  in  Moravia;  at  Eraubat,  Styria,  etc.  Also  similarly 
near  Texas,  Pa.;  Hoboken,  N.  J. 

Hydrogiobertite.  MgCOs.Mg(OH)t  +  2H,0.  In  light  gray  spherical  forms.  From 
the  neighborhood  of  PoUena,  Italy. 

Lansfordite.  3MgCOs.Mg(OH),  -f  21HaO.  Occurs  as  small  stalactites  in  the  anthmciie 
mine  nt  Nesquehoniiig  near  Lansford,  Schuylkill  Co.,  Penn.;  changed  on  exposure  to 
nesquehoiiite. 

Zaratite.  Emerald  Nickel.  NiCOa  2Ni(OH>,+4H,0.  In  mammillary  incrustations;  also 
massive,  compact.  Color  emerald  -  en  en.  Occurs  on  chromite  at  Texas,  Lancaster  Co. ,  Pa. ; 
at  Swinaness,  Unst,  Shetland,  and  elsewliere. 

Remingtonite.  A  hydrous  cobalt  carbonate.  A  rose  colored  incrustation,  soft  and 
earthy.    From  a  copper  mine  near  Finksburg,  Carroll  Co.,  Maryland. 

Tengerite.  A  supposed  yttrium  carbonate.  In  white  pulverulent  coatings.  On  pado- 
linite  at  Ytterby.    A  similar  mineral  is  associated  with  the  gadoliuite  of  Llano  Co..  Texas. 

Bismutite.  Wismuthspaih  Germ.  A  ba^ic  bismuth  carbonate,  perhaps  BiiOa.CC.HaO. 
Incrustinff,  or  earthy  and  pulverulent;  amorphous.  G.  =  6*86-6  9  Breith.;  7*67  Rg.  Color 
white,  green,  yellow  and  gmy.  Occurs  at  Sclneeherg  and  J'  Imnngeorgenstadt,  with  native 
bismuth,  and  at  Joachimsthal.  etc.  In  the  U.  8.,  in  So.  Carolina,  at  Brewer's  mine;  in 
Gaston  Co..  N.  C,  etc. 

UranothalUte.  2CaCOs.U(CO,)a.lOH,0.  In  scaly  or  granular  crystalline  aggregates. 
Color  siskin-jrreen.     Occurs  on  uraninite  at  Joachimsthal,  Bohemia. 

I'iebigite.  A  hvdrous  carbonate  of  uranium  and  calcium.  In  mammillary  conci-etlons, 
or  thin  coatinps.  Color  apple-green.  Occurs  on  uraninite  near  Adrianople.  Turkey;  also 
Johanneeorgenstadt  and  Joachimsthal. 

Voflrlite.  A  hydrous  carbonate  of  uranium,  calcium  and  copper.  In  aergregations  of 
crvslalline  scales.  Color  emerald-green  to  bright  grass-green.  From  the  Elias  mine,  near 
Joachimsthal,  on  uraninite. 
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Oxygen  Salts. 
2.  SILICATES. 

The  Silicates  are  in  part  strictly  anhydrous,  in  part  hydrous,  as  the  zeolites 
and  the  amorphous  clays,  etc.  Furthermore,  a  large  number  of  the  silicates 
yield  more  or  less  water  upon  ignition,  and  in  many  cases  it  is  known  that  tliey 
are,  therefore,  to  be  regarded  as  basic  (or  acid)  silicates.  The  line,  however, 
between  the  strictly  anhydrous  and  hydrous  silicates  cannot  be  sharply  drawn, 
since  with  many  species  which  yield  water  upon  ignition  the  part  played  by 
the  elements  forming  the  water  is  as  yet  uncertain.  Furthermore,  in  the  cases 
of  sovenil  groups  the  strict  arrangement  must  be  deviated  from,  since  the 
relation  of  the  species  is  best  exhibited  by  introducing  the  related  hydrous 
species  immediately  after  the  others. 

This  chapter  closes  with  a  section  including  the  Titanates,  Silico-titanates, 
Titano-niobates,  etc.,  which  connect  the  Silicates  with  the  Niobates  and 
Tantalates.     Some  Titanates  have  already  been  included  among  the  Oxides* 


Section  A.   Chiefly  Anhydrous  Silicates. 

I.  Disilicates,  Folysilicates. 
II.  Metasilicates. 
III.  Orthosilicates. 
rv.  Subsilicates. 

The  DisiLiCATES,  RSi,Oj,  are  salts  of  disilicic  acid,  H,Si,Oj,  and  have  an 
oxygen  ratio  of  silicon  to  bases  of  4 :  1,  as  seen  when  the  formula  is  written 
after  the  dualistic  method,  R0.2SiO,. 

The  PoLYSiLiCATES,  R,Si,0,,  are  salts  of  polysilicic  acid,  H^Si,0„  and 
have  an  oxygen  ratio  of  8  :  1,  as  seen  in  2R0.3SiO,. 

The  Metasilicates,  RSiO,,  are  salts  of  metasilicic  acid,  H,SiO„  and  have 
an  oxygen  ratio  of  2  :  1.     They  have  hence  been  called  bisilicates. 

The  Orthosilicates,  R^SiO,,  are  salts  of  orthosilicic  acid,  H.SiO^,  and 
have  an  oxygen  ratio  of  I  :  1.  They  liave  hence  been  called  iinisilicatea.  The 
majority  of  the  silicates  fall  into  one  of  the  last  two  groups. 

Furthermore,  there  are  a  number  of  species  characterized  by  an  oxygen 
ratio  of  less  than  1  :  1,  e.g.,  3  :  4,  2  :  3,  etc.  These  basic  species  are  grouped 
as  Subsilicates.  Their  true  position  is  often  in  doubt;  in  most  cases  tney 
are  probably  to  be  regarded  as  basic  salts  belonging  to  one  of  the  other  groups. 

The  above  classification  cannot,  however,  be  carried  through  strictly,  since 
there  are  many  species  which  do  not  exactly  conform  to  any  one  of  the  groups 
named,  and  often  the  true  interpretation  of  the  composition  is  doubtful. 
Furthermore,  within  the  limits  of  a  single  group  of  species,  connected  closely 
in  all  essential  characters,  there  may  be  a  wide  variation  in  the  proportion  of 
the  acidic  element.  Thus  the  triclinic  feldspars,  placed  among  the  polysili- 
cates,  range  from  the  true  polvsilicate,  XaAlSi,0.,  to  the  orthosilicate, 
CaAl,Si,0^,  with  many  intermediate  compounds,  regarded  as  isomorphous 
compounds  of  these  extremes.  Similarly  of  the  scapolite  group,  which,  how- 
ever, is  included  among  the  orthosilicates,  since  the  majority  of  the  compoands 
observed  approximate  to  that  type.    The  micas  form  another  example. 
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L  DiflUioates,  BSi,0..    Folysilioates,  S,Si,0.. 

PBTAUTB. 

Monoclinic.  Crystals  rare  (castorite).  Usaally  massive,  foliated  cleavable 
(petalite). 

Cleavage:  c  perfect;  o  (201)  easy,  z  (S05)  difficult  and  imperfect.  Fracture 
imperfectly  conchoidal.  Brittle.  H.  =  6-6-5.  G.  =  2 -39-2  46.  Luster 
vitreous,  ou  c  pearly.  Colorless,  white,  gray,  occasionally  reddish  or  greenish 
white.     Streak  uncolored.    Transparent  to  translucent. 

Comp— LiAl(Si,0 J,  or  Li,O.Al,0..8SiO,  =  Silica  78-4,  alumina  167,  lithia, 

4-9  =  100. 

Pyr.,  etc. — Gently  heated  emits  a  blue  pbosphorescent  light.  B.B.  ou  charcoal  becomes 
glassy,  siibtn\usparent,  and  whire,  and  melts  ouly  on  the  edges;  gives  the  reactioo  for 
Rtbia.     With  borax  it  forms  a  clear,  colorless  dnss.     Not  acted  on  by  acids. 

Obs. — Petalite  occurs  at  ihe  iron  mine  of  UtO.  Sweden,  with  lepidolite,  tourmaline, 
spodmnene,  and  quartz;  on  Elba  {eastoriU).  In  the  U.  S.,  at  Bolton,  Mass.,  with  scapolite; 
nt  Peru,  Maine,  with  spodumene  in  albite.  The  name  petalite  is  from  JteraXov,  a  leaf, 
alluding  to  the  cleavage. 

Milarito.  HECa,Als(Si,Oft)«.  In  hexagonal  prisms.  H.  =  5*5-6.  G.  =  2  55-2'59. 
Colorless  to  pale  green,  glassy.     Prom  Val  Giuf,  Grisons,  Switzerland. 

Budidymite.  HNaBeSisOg.  In  white,  glassy,  twinned  crystals,  tabular  in  habit. 
H.  =6.  G.  =  2*553.  Occure  very  sparingly  in  elseolite-syenite  on  the  island  Ovre-Ar6, 
in  the  Langesundiiord,  Norway. 

Bpididymite.   Same  composition  as  eudidy mite.  Ort  horhombic.     Southern  Greenland. 


Orthoclase 

Soda-Orthoclase 
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Microcline 

Soda-microcline 
Anorthoclase 


Feldspar  Group. 
a.  Monoclinic  Section. 
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p.  Triclinic  Section. 
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Albite-anorthite  Series.    Plagioclaee  Feldspars. 


Albite  NaAlSi,0, 

Oligoclase    ") 


a:l\  d  a  /?  y 

0  6335  :  1  :  0-r»577    94°      3'    116°  29'   88°    9' 

0-6321  :  1  :  0*5524    93°      4'    116°  23'    90°    5' 


Andesine       "^  [^^lt\%fo)      0-6357  :  1  :  05521    93°   23'    116°  29'   89^59' 


Labradorite 

Anorthite 

Celsian 


CaAl,Si,0, 
BaAl,Si,0. 


0-6377:1:0-5547    93°    31'    116°    3'    89°  54^' 
0-6347  :  1  :  05501    93°    13'    115°  55'   91°  12' 
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The  general  characters  of  the  speciee  belonging  in  the  Feldspar  Gboup 
are  as  follows: 

1,  Crystallization  in  the  monoclinic  or  triclinic  systems,  the  crystals  of  the 
different  species  resembling  each  other  closely  iu  angle,  in  general  habit,  and 
in  methods  of  twinning,  i'he  prismatic  angle  in  all  cases  differs  bnt  a  few 
degrees  from  60°  and  130°. 

i.  Cleavage  in  two  similar  directions  parallel  to  the  base  c  (001)  and  clino- 
pinacoid  (or  brachyplnacoid)  b  (010),  inclined  at  an  angle  of  90°  or  nearly  90°. 
i.  Hardness  between  6  and  65.  4,  lipecific  Gravity  varying  between  2  5  and 
S'9,  and  mostly  between  3*55  and  3'75.  5,  Color  white  or  pale  shades  of 
yellow,  red  or  green,  less  commonly  dark.  6,  In  composition  silicates  of  aln- 
miniuni  with  either  potassium,  sodiiim,  or  calcium,  and  ntrely  barium,  while 
magnesium  and  iron  are  always  absent.  Furthermore,  besides  the  several 
distinct  species  there  are  many  intermediate  compounds  having  a  certain 
independence  of  character  and  yet  connected  with  each  other  by  insensible 
gradations;  all  the  members  of  the  series  showing  a  close  relationship  not  oulj 
in  composition  but  also  in  crystalline  form  and  optical  characters. 

The  species  of  the  Feldspar  Group  are  classified,  first  as  regards  form,  and 
second  with  reference  to  composition.  The  vtonoclinic  species  include  (see 
above):  Orthoclase,  potassium  feldspar,  and  Soda-orthoclase,  potassinm- 
Bodium  feldspar;  also  Hyalophane,  barium  feldspar. 

The  trichnic  species  include:  Microcline  and  Anorthoclase,  potasBiom- 
sodium  feldspars;  Albite,  sodium  feldspar;  Akokthite,  calcium  feldspar; 
Gelsian,  barium  feldspar. 

Also  intermediate  between  albite  and  anorthite  the  isomorphous  sub.  species, 
sodium -calcium  or  calcium-sodium  feldspars:  Oliqoclase,  Andesine,  IZabra- 

DORITE. 

a.  Monoclinic  Section. 

ORTHOOIJieB. 

Monoclinic.     Axes  i:$:i  =  0-6585  :  1  :  0-5554;  /3  =  63°  57'. 
722  723.  724.  72B. 


1.  001  A  081  =  44°  Ml'. 
I.'.  031  a02I  =  WCS3'. 
n,  001  A  110=  67' 4T. 
!>,    00I.^ill  =  55■14^'. 

Twins:  tw.  pi,  (1)  a  (100),  or  tw.  aiis  A,  the  common  Carlsbad  twins, 
either  of  irregular  penetration  (Fig.  727)  or  contact  type;  the  latter  nsaally 
with  b  at.  composition-face,  often  then  (Fig  738)  with  e  and  x  nearly  in  « 


■,  110  A  110  =  61''  ly. 
180  A  l30  =  58*  48". 
OOl  A  iOl  =  50'  l^'. 
001  A  201  =  80°  18'. 
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726. 


plane,  but  to  be  distinguished  by  luster,  cleavage,  etc.  (2)  n  (021),  the  Baveno 
twins  forming  nearly  square  prisms  (Fig.  729J,  since.cn  =  44  56^',  and  hence 
cc  =  89**  53';  often  repeated  as  fourlings  (Fig.  417,  p.  129),  also  in  square 
prisms,  elongated  |  a.  (3)  c  (001),  the  Manebach  twins  (Fig.  730),  usually 
contact-twins  with  c  as  eomp.-face.    Also  other  rarer  laws. 

Crystals  often  prismatic  ||  6'y  sometimes  orthorhombic  in  aspect  (Figs.  723, 
725)  since  c  and  x  are  inclined  at  nearly  equal  angles  to  t\  also  elongated  |  a 
(Fig.  726)  with  b  and  c  nearly  equally  developed;  also  thin  tabular  ||  bi  rarely 
tabular  Q  a,  a  face  not  often  observed.  Often  massive, 
coarsely  cleavable  to  granular;  sometimes  lamellar.  Also 
compact  crypto-crystalline,  and  flint-like  or  jasper-like. 

Cleavage:  c  perfect;  b  somewhat  less  so;  prismatic  m 
imperfect,  but  usually  more  distinct  parallel  to  one  pris- 
matic face  than  to  the  other.  Parting  sometimes  distinct 
parallel  to  a  (100),  also-  to  a  hemi-orthodome,  inclined  a 
few  degrees  to  the  orthopinacoid ;  this  may  produce  a  satin- 
like luster  or  schiller  (p.  190),  the  latter  also  often  present 
when  the  parting  is  not  distinct.  Fracture  conchoidal  to 
uneven.  Brittle.  H.  =  6.  G.  =  2*57.  Luster  vitreous; 
on  c  often  pearly.  Colorless,  white,  pale  yellow  and  flesh- 
red  common,  gray;  rarely  green.     Streak  uncolored. 


727. 
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731. 


Optically  negative  (Bx^  =  a)  in  all  cases  (Fig.  731).     Ax.  pi.  usually  JL  ft, 

sometimes  \  b,  also  changing  from  the  former  to 
the  latter  on  increase  of  temperature  (see  p.  225). 
For  adularia  (Dx)  Bx^,  a  <^  =  -  69°  11',  Bx^bi  A 
<J  =  —  69°  37'.  Hence  Bx»  and  the  extinction- 
direction  (Fig.  731)  inclined  a  few  degrees  only  to 
a,  or  the  edge  b/c^  thus  -[-3°  to  +  7°  usually,  or 
up  to  +  10°  or  -f  12**  in  varieties  rich  in  Na,0. 
Dispersion  p  >  v;  also  horizontal,  strongly  marked, 
or  inclined,  according  to  position  of  ax.  pi.  Axial 
angles  variable.  Birefringence  low,  y  —  a  =  0007 
-  0005.     For  adularia  (Dx). 

ffy  =  1  -51 90,     /Jy  =  1  -5237,     ry  =  1  •5260. 
.  •.  2Vy  =  eG**  43'.     2Ey  =  \2V  6'. 

Comp.,  Var. — A  silicate  of  aluminium  and  potassium,  KAlSi,0,  or 
K,0.A1  0..6Si0,  =  Silica  64-7,  alumina  18-4,  potash  16-9  =  100.  Sodium  is 
often  also  present,  replacing  part  of  the  potassium,  and  sometimes  exceeds  it 


a=^Bx 
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ID  amount;    these  varieties  are  embraced  under  the   name  soda-orthoulase 

(NatronorthoklttB  Germ.). 

Tbe  ptomineut  vurjeties  depeud  upon  cryatalline  babU  aoil  method  of  occiirreuce  mure 
tbuu  upon  iliSereuce  of  composilJOQ. 

1.  Adaiaria.  The  pure  or  nearly  pure  potaasium  ailicate.  Uauallj  in  crysUtls.  like 
Fig-  735  io  habit;  otlen  with  vlciual  planes;  BaTeuo  twiua  common.  G.  =  2-665.  Trans- 
iwrenl  or  utMrly  so.  Ofleu  with  a  pearly  opalescuat  ivflectiou  or  Kbiller  or  u  delicate  play 
uf  colors;  some  mooiutont  is  here  iocluded.  but  tlie  remainder  belongs  to  iilbile  or  other  of 
the  iriclinic  feldepurs.  The  original  adularia  (Adulari  is  from  the  St.  Gothard  regiou  iu 
BwjtzerliiuJ.      YiiUncianite,  from  the  silver  mine  of  Valencia,  Mexico,  is  adiilarla. 

2.  Saiiidiiie  or  glatty  feUUpar.  Occure  in  crystals,  oftea  transparent  aoil  glaaay, 
embedded  in  rhyollle,  trachyte  (iia  of  the  Slebengebirge).  phoooliie.  etc.  Habit  oflen 
tabular  (  b  (hence  named  from  iTiivii,  a  iabUt.  or  board);  also  iu  stjuare  prismB  (A,  6);  Carla- 
bad  IwinB  common.  Moat  varietieB  coutain  sodium  as  a  proraineut  constltueul,  and  hence 
belong  to  the  soda-orthoclase. 

WtyacoUU.  SUtpath  Werner.  Occurs  in  glassy  crystals  at  Monte  Somma;  named  from 
pvai,  ttream  {lava  aiream), 

3.  Ordinary.  In  cryslala,  Carlsbad  and  other  twiua  common;  also  massive  orcleavahle, 
varying  in  color  from  white  to  pale  yellow,  red  or  green,  tranuluceni;  aometimes  aveoturlne. 
Here  b«lot)g9  the  common  feldspar  of  granitoid  rocks  or  graiiile  veins.  Usunlly  coDI&ins  a 
griitter  or  less  percentage  of  soda  (soda- ort  hoc  I  use).  Compact  crypt  ocryaial  line  ontaoclase 
makes  up  the  mass  of  much  felsite,  but  to  n  greiiler  or  k-ss  degree  ndinixed  wilh  quartz:  of 
varlnus  colors,  from  while  and  brown  to  deep  red.  Much  oi  what  has  been  called  oiiho- 
cliise,  or  eoinmon  potasli  f<;ld?par,  -has  proved  to  belong  to  Ihe  relaleil  triclinic  species, 
mfcroctine,  CI.  p.  374  on  the  relations  of  the  two  siicclea-  Cbesierlite  and  Amazon  stone 
are  microrllne;  also  most  avetiturftie  orthoclaae.  Loroeiau  ciiatains  sodium  in  considerable 
amount  i7-8  Na,0).  From  Hammond,  St.  Lawrence  Co.,  N.  Y,  MiirelatmiCe  in  a  flesh- 
reil  feldspar  similar  to  perlhite  (p.  373),  with  gold  yellow  reHeclions  io  a  direction  1  6  and 
nearly  parallel  to  701  or  801  (p.  871).     From  Dawliah  and  Exetnr,  Enfflaiid. 

The  spherulites  Doted  in  some  volcanic  rocks,  as  in  the  rbyolile  of  OhaidiaD  CHS  in  tlie 
Tellowsione  Park,  are  believed  to  coiisisl  essenliiilly  of  oribocliise  needles  with  qiiarls. 
These  are  iilii>wii  in  Figs.  733  and  TXi  (ham  Iddiiig^;  much  magtiillein  as  they  appear  iu 
polarized  light  (crossed  uii'olsX 

732,  733. 


Vyt..  «tc,— B  It.  fit  es  nt  5;  vtiHclles  conlaining  tnucb  soda  are  more  fusible.  LoxoclaM 
fuses  at  4.     Not  acieil  upnii  by  upiils. 

Diff— Cliiirnrteriied  liy  imcrysiiilline  form  a' d  ibi' two  cleavages  nt  right  angles  Io  each 
oilier;  hanler  thiin  Imrlte  and  ralrtie;  not  atiackcd  by  adds:  dlDicullly  fusible.  Massive 
tor  ndiiiii  is  much  bn  '!er  and  bus  a  biirher  »|H'riflc  (mivity. 

DMingiilHbed  In  nick  »-clinns  by  its  low  i^fraclion  (low  relief)  nnd  low  inlerferencc- 
i'"li>r«.  wlilcli  last  warcHv  rise  to  while  of  llie  tir«l  order — hence  lii«er  tbiin  those  nfqiiartc 
iiKi  by  lis  liiaiiul  character  in  convetgenl  light  and  by  the  disibct  cli'^ivaps.  It  is  color- 
liw  ill  nnlinary  lijuht  and  may  be  limpid,  bnl  is  fre(|iieiitlv  liirbiil  mid  lirownWi  from  Ihe 
pr'uenre  of  vi-ry  miiniie  scale's  of  kaolin  dii<t  to  tilleriiiiiiu'fmm  wnitliiTiiif::  this  change  I* 
eapici^lly  cinnmoii  in  llie  older  granular  nH'lu,  aigriin'te  and  ■.■in  i-s. 
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Ob«. — Orlhoclflse  tn  tts  several  varieties  belongs  especially  to  the  crystalline  rocks, 
occurrjug  as  an  tsaenllal  conalUuenl  uf  gLHoile,  giitiss,  syenite,  also  porpiiyiy,  further  (var., 
timidine)  intchyte,  phunolite.  etc.  lu  tbe  massive  graailuid  rocks  it  Is  Heldom  in  distinct, 
well-formed,  aepuiable  crystals,  except  iu  veins  and  cavities;  such  crystals  are  more  coin- 
mon,  however,  in  volcanic  rocks  like  trachyte. 

Adiilaria  occurs  in  tbe  crvstalllne  rocks  of  the  ceutrnl  and  eastern  Alps,  associated  nith 
smokr  quartz  and  alblie,  also  titaaite,  apatite,  etc.;  Ibe  crystals  are  often  coateO  with 
chluriie;  also  on  Elba,  fine  crystals  of  orthoclnse,  often  twins,  are  obtained  from  BavcDO. 
Ijago  Magglore;  the  Flelmsthal,  a,  red  variety;  Vallloriana;  Bodenmals,  Carlsbad  and 
Eltogeu  in  Bobemla;  Slriegau.  etc.,  In  Silesia.  Also  Arendal  in  Nurwav,  and  near 
Sbaiiunsk  iu  the  Ural;  Land's  End  and  St.  Agnes  In  Corowall;  the  Hourne  Hts.,  Ireland, 
with  beryl  and  topaz.  From  Tamagama  Yama,  Japau,  with  topaz  and  Hmoky  quutt£. 
Moonttone  Is  brought  from  Ceylon. 

Id  the  U.  States,  onhoclase  Is  common  in  tbe  crystalline  rocks  of  New  England,  also  of 
States  south,  further  Colomdn,  California,  etc.  Thus  at  the  Paris  tourmaline  locality.  In 
N.  ilamp..  at  Acworib.  Iu  Mait.,  at  South  Itmralstou  and  Barre.  In  t'oi-n.,  xl  Haddnm 
find  Middletown,  in  largo  coarse  crystals.  In  N.  York,  In  8t.  Lawrence  Co  ,  at  Hoseie;  at 
Hammond  {loxodme);  Iu  Lewis  Co.,  In  white  limestone  near  Natural  Bridge;  iit  Amity  and 
Edenviile.  Jn  Penn.,  In  crystals  at  Leiperville,  Miiieml  Hill,  Deliiwart  Co.;  suustone  in 
Eennett  Township.  In  N.  Car.,  at  Washington  Mine,  Davulsnti  Co.  In  Colorado,  at  Ihe 
summit  of  Mt.  Antero,  Chaffee  Co.,  In  fine  crystals,  often  twins:  aiGunolEon:  Black  Hawk; 
Kokoma.  Summit  Co.,  also  at  other  points.     A'so  similnrly  in  Nevada  and  Califoinia. 

Orthoclaee  Is  frequently  altered,  especially  tbiough  the  action  of  caibonalid  or  alkaline 
waters;  the  Snal  result  is  often  the  removal  of  tbe  potash  and  tbe  funnnllon  of  kiiolln. 
Steatite,  talc,  chlorite,  leuclte,  mica,  laumontite,  occur  as  preudomoi'pbs  afler  orlhoclnse: 
and  cosslterile  and  calcltu  often  replace  these  feldspars  by  some  process  of  solution  eud 
substitution. 

Pehtbttb.  As  flrst  described,  a  flesb-red  aventurine  feldspar  from  Perth,  Ontario, 
Canada,  odled  a  sodti-ortbocinse,  but  shown  by  Gerhard  to  conGisI  of  liilei  laminated  ortho- 
clnse and  alblte.  Many  simlli^  occurrences  have  since  bfen  noted,  as  aho  thoMi  in  which 
mlcrocline  aoii  albite  are  similarly  inlerlaininatcd,  Ibe  lalter  called  v-inrOiUnt-ptrOiiU,  or 
microclloe-alhite-perthite;  Ibis  is  true  in  part  of  the  original  portbite.  Wheu  the  structure 
is  discernible  only  with  tbe  help  of  the  microscope  ft  Is  i  ailed  micritiertliite  BrCi  ger  lina 
investigated  not  only  the  mlcropcrt bites  of  Nonviiy  (OrilioklafmJKropeiiliii.  Mihtokliu- 
mikropertbit),  but  also  other  feldspitra  characterized  liy  a  marked  scliiller;  he  a>Bumcs  Ihe 
exi.itence  of  an  extremely  fine  I nterlami nation  of  albite  ami  onlioclase  |  §01,  no<  discernible 
by  llie  mlcroacniie  (rryplnpcr(hite).  and  connected  wllb  siroudary  ]>lanesof  parting  1 100  or 
I  SOl,  whli  h  U  proliiibly  to  be  explained  as  due  to  jnciplcut  alteration. 

Hyolophana.  <K„Ba)Al,(SiO,),  orE.O.BnO.SAliO.  8SiO,.  Slilcn  (ilS,  alumina  21-9, 
b:irytit  10-4.  potai^h  tO'l  =  100.  In  crystals,  like  udulnria  in  habit  {Fig.  72Q,  p.  870);  alxu 
mas  ive.  Cleavnge;  e  perfect;  b  sornewbiit  lew  S<i.  H.  =  6-6-S.  U.  =  3  tJOS.  Occurs  in 
n  g-iinidar  iloloinlte  in  the  Blnnenthnl,  Switzerland:  also  at  tbe  manganese  mine  of  Jakobs- 
bcrg.  Sweden.  Some  other  feldspars  containing  7  to  15  p.  c.  BaO  have  been  described  (cf. 
also  cclsian,  p.  381). 

/».  TricHnie  Section. 

MIOROOUNE. 

Tricliiiic.  Near  orthoclttse  in  angles  and  habit,  but  the  angle  be  =  abont 
89°  30'.  Twins :  like  orthoclnse.  also  polysynthetio  twinning  according  to  the 
albitc  and  pericline  laws  (p.  375),  common,  734 

prodnciiig  two  aeriea  of  fine  lamellffi  nearly  '~~~  "        ~  "~~      ~ 

at  right  angles  to  each  other,  hence  the 
characteristic  grating-stnictiire  of  a  basal 
section  in  polarized  light  (Fig.  734),  Also 
massive  cleavable  to  granular  compact. 

Cloavage:  c  perfect;  &  somewhat  less  so; 
M  (l!0)  sotnetimea  distinct;  m  (110)  also 
sometimes  distinct,  but  lees  easy,  Fritcture 
nneven.  Brittle.  II.  =  G-(io,  0.  =2-54-2-57. 

Lnster    vitreous,    on    c    sometimes    pearly.  

Color  white  to  pale  cream-yellow,  also  red,  green.    Transparent  to  translucent. 


— 1~  '-"at-.- 
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Optically  — .     Ax.  pi.   nearly  perpendicular  (82°-83®)   to  h.      Bxo  inclined 

15**  26'  to  a  normal  to  J.     Dispersion  p  <  v  about  Bxo'     Extinction-angle  on 

c,  +  15°  30';  on  J,  +  5°  to  6"  (Fig.  739,  p.  375).     2Ha.r  =  8^°  to  89°,  Dx. 

The  essential  identity  of  ortboclase  nod  niicrocliue  has  been  ur^ed  by  Mallard  and 
Michel-Levy  on  the  ground  that  the  properties  of  the  former  would  beloug  to  an  aggregate 
of  submicroscopic  twinning  lamellae  of  the  latter,  according  to  the  albite  and  pericliue  laws. 

Comp.,  Van— Like  orthoclase,  KAlSi.O.  or  K,O.Al,0,.6SiO,  =  Silica  647, 
alumina  18*4,  potash  16*9  =  100.  Sodium  is  usually  present  in  small  amount: 
•sometimes  prominent,  as  in  soda-microcline. 

P3rr. — AlS  for  orthoclase. 

Diff. — Resembles  orthoclase  but  distinguished  by  rpticiu  cbaracters  (e.g.^  the  gniting 
Btructure  in  polarized  light.  Fig.  73^);  also  olten  shows  line  twinning  striatious  on  a  bu^al 
surface  albite  law) 

Obs. —  Occurs  under  the  same  conditions  as  much  common  orthoclase.  The  beautiful 
a'hazonstone  from  the  Ural,  also  that  occurring  in  fine  groups  of  large  crystals  of  deep  color 
in  the  gnmite  of  Pike's  Peak,  Colorado,  is  microcline.  Chesterliie  from  Poorhouse  quarry, 
Ohe.sltr  Co  ,  Penn.,  and  the  aventuriue  feldspar  of  Mineral  Hill,  Penu.,  beloug  here.  A  pure 
variety  occurs  at  Miigiict  Cove,  Arkansas.     Ordinary  microline  is  c  ommon  at  many  points. 

Anorthoclase.  A  triclinic  feldspar  with  a  cleavage-angle,  he,  varying  but  little  from 
90''.  Form  like  that  of  the  ordinary  feldspars.  Twinning  as  with  orthoclase;  also  poly- 
yynlhetic  according  to  the  albite  and  pericline  laws;  but  in  mnny  cases  the  twinning 
himinae  very  narrow  and  hence  not  distinct.  Rhombic  section  (see  p.  875)  inclined  on  b,  4** 
to  d°  to  edi.'e  h/c.  G.  =  3-57-2-60.  Cleuvnge,  h  rdness,  luster,  nud  color  as  with  other 
members  of  the  group.  Opiically  — .  Extinction-angle  on  c,  -\-  5°  45'  to  -}-  2*;  on  6,  6**  to 
Q^'S.  Bx»  nearly  i  y.  Dispersion  p  >  t:  horizontal  distinct  Axial  angle  variable  with 
temperature,  becoming  in  part  nionoclinic  in  optic.-il  symmetry  between  bO*"  and  264**  C, 
but  again  triclinic  on  cooling;  this  is  true  of  those  containing  little  calcium. 

Chietly  a  soda-i^otash  feldspar,  NaAlSisOn  ami  KAlSiaOH.  the  sodium  silicate  usually 
in  larger  proportion  (2  :  1.  3  :  1,  etc.).  as  if  consisting  of  albite  and  orthoclase  molecules. 
Calcium  (CaAUSiaOe)  is  also  present  in  i-elatively  very  small  amount. 

These  triclinic  soda-potash  feldspars  are  chiefly  known  from  the  andesitic  lavas  of 
Pantelleria.  Most  of  these  feldspars  come  from  a  rock,  called  pantellerite.  Also  prominent 
from  the  augitesyenite  of  southern  Norway  and  from  the  * ' Rhomben-porphyr "  near 
Christiania.  Here  is  referred  also  a  feldspar  in  crystals,  tabular  |  c,  and  twinned  according 
to  the  Manebach  and  less  often  Baveno  laws  occurring  in  the  lithophyses  of  the  rhyolyte  of 
Obsidian  Cliff,  Yellowstone  Park.  It  shows  the  blue  opalescence  in  a  direction  parallel 
with  a  steep  orthodome  (cf.  p.  871). 

Albite-Anorthite  Series.    Plagiocloie  Feldspars* 
Between  the  isomorphons  species 

Albite  NaAlSi,0.  Ab 

Anorthite  CaAl,Si,0,  An 

there  are  a  number  of  intermediate  subspecies,  regarded,  as  urged  by  Tscher- 
mak,  as  isomorphous  mixtures  of  these  molecules,  and  defined  according  to  the 
ratio  in  which  they  enter;  their  composition  is  expressed  in  general  by  the 
formula  A b„An,„.     They  are: 

Oligoclase  Ab.An,  to  AbsAn, 

Andesike  Ab,An,  to  Ab,An, 

Labradorite  AbjAn^  to  Ab^Ans 

and  Bytownite  Ab,An«  to  Ab,An, 

From  albite  through  the  successive  intermediate  compounds  to  anorthite 
with  the  progressive  change  in  composition  (and  specific  gravity),  there  is  also 

♦  The  triclinic  feltlspars  of  this  series,  in  which  the  two  cleavages  b  and  e  are  oblique  to 
each  other,  are  often  ctilled  in  general  plagioclate  (from  nXdyio^,  oblique). 
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a  corresponding  change  in  crystallographic  form,  and  in  certain  fundamental 
optical  properties. 

Crystalline  form.  The  a^al  ratios  and  angles  given  oo  p.  369  show  that 
these  tricliiiic  feldspars  approach  ortboclase  closely  in  form,  tne  most  obvious 
difference  being  in  the  cleav- 
age-anele  be,  wTiich  is  90°  in 
ortboclase,  86°  24'  in  albite, 
and  S5°  aO'  in  anorthite. 
There  is  also  a  change  in 
the  axial  angle  y,  which  is 
88°  in  albite,  about  90°  in 
oligocliise  and  andesine,  and 
91*^  in  anorthite.  This 
transition  appears  still  more 
strikingly  in  the  position  of 
the  "rhombic  section,"  by 
which  the  twins  according 
to  the  pericline  law  are 
united  as  explained  below. 

Twinning.  The  plagio- 
clase  feldspars  are  often 
twinned  in  accordance  with  the  Carlsbad,  Baveno,  and  Manebach  laws 
common  with  ortboclase  (pp.  370,  371).  Twinning  is  also  almost  universal 
according  to  the  <rM(7e /nw^twinning  plane  the  brachypinacoid;  this  is  usu- 
ally poly  synthetic,  i.e.  repeated  in  the  form  of  thin  lamellte,  giving  rise  to  fine 
etnations  on  the  baaal  cleavage  surface  {Figs,  735,  7.^6).  Twinning  is  also 
common  according  to  the  pericline  ^aw— twinning  axis  the  macrodiagonal 
axis  i;  when  polysynthetic  this  gives  another  series  of  fine  striations  seen  on 
the  brachypinacoid. 

The  com  position -plane  !□  this  i>erlcltnc  twinning  Unplnae  pastflng  througli  the  cry  stitl  in 
sucii  a  [iirecEion  Uinl  its  fntersectlona  witli  Ilie  prismiilic  fiicea  autl  tlie  bracliyplnacold  make 
equal  plane HDg1eswiiliencliolli«r.  TlieiMiallion  of  tliis rliomblc tK-ctlon  anil  tlieconBcqiient 
direction  of  tbe  strliilions  on  llie  bmcliypinacoid  clmtii-e  rapidly  with  a  small  varialluii  iu 
the  inii,'lc  f.  In  general  it  ma;  I>e  saM  to  be  iipproKlinRlely  purallel  to  tbii  Imse,  but  la 
albite  il  is  inclined  biickwanl  (  +  .  PIgn.  737  and  739*)  and  In  nnorthltu  to  the  front  (-.  Fig. 

he  inierinediate  spectes  Its  poalilon-' '— ' '-■    "-  '-'- 

Tlina  for  the  angle  lietween  llie  trace  of  this  plan 
we  have  for  Albite  +  23°  lo  +  20';  for  Ollgoclue 
2°;  for  Labradorite  -  9°  to  —  10°.  (or  Anorthite  - 
737.  73B. 


Plaglockse  with  twinning  lamellte,  Fig.  TK  section  I  e 
(001)  ihowhiK  vlbratlon-directlona  (cfT  Fl^.  789),  ordi- 
nary light :  Fig.  786  eectioQ  lu  polarized  light 


e  often  lettered  as  follows :  e  (001)  =  P,  b  WlOf 
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If  the  composition-plane  is  at  right  angles  to  the  twinning  axis  iu  the  pericline  twinning, 
the  polysyntiietic  lumellee  thuu  show  prominently  iu  a  basal  section,  together  wiih  those  due 
to  the  albite  twinning.     Hence  the  gniting  structure  chMfacterislic  of  niicrocliue. 

Optical  Characters.  There  is  also  a  progressive  change  in  the  position  of 
the  ether-axes  and  the  optic  axial  plane  in  passing  from  albite  to  anorthite. 

740.  This  is  most  simply  exhibited  by  the  position 

of  the  planes  of  light-vibration,  as  observed  in 
sections  parallel  to  the  two  cleavages,  basal  c 
and  clinopinacoidal  b,  in  other  words  the  ex- 
tinction-angle formed  on  each  face  with  the 
edge  b/c  (cf.  Fig.  739). 

The  approximate  position  of  the  ether-axes 
for  the  different  feldspars  is  shown  in  Fig.  740 
(Schuster).  The  axis  c  does  not  vary  very 
much  from  the  sjone  be,  but  the  axis  a  varies 
widely,  and  hence  the  axial  plane  has  an  en- 
tirely different  position  in  albite  from  what 
it  has  in  anorthite.  Furthermore  albite 
is  optically  positive,  that  is  c  =  Bx,  while 
anorthite  is  negative  or  a=  Bx;  for  certain 
andesines  the  axial  angle  is  sensibly  90°. 

The  following  table  gives  <the  percentage  composition  of  the  various  molec- 
ular compounds  of  albite  and  anorthite,  with  the  calculated  specific  gravity 
(Tschermak),  and  also  certain  of  the  optical  characters  connected  with  them. 
These  latter  values  were  calculated  by  Schuster  from  an  equation  deduced  by 
Mallard,  in  which  certain  observed  values  were  assumed  as  fundamental  :* 


Ratio  of  Alhil 
to  Anorthite 
AbnAum 

e 

Percentage 

r«^«,«^oU*««               Extinction-angle 
Composition                   ^.^^  ^^^  ^j^ 

n  :  m 

G. 

SiO, 

AUO. 

CaO 

Na^O              one              oub 

Albite 

1  :0 

2-624 

68-7 

19-5 

0 

11-8         -f    4'*80'        -f.l»" 

Oligoclase- 
albite 

12  :1 
6:  1 

2635 
2-645 

66-6 
64-9 

20-9 
22-1 

1-6 
80 

10  91       -f    3'*38'       +15'*86' 
100)  to-h    2"  45'  to  -f  11^69' 

Oligoclase 

4  :  1 
2  :1 

2-652 
2-671 

63-8 
59-9 

23-1 
25-4 

42 

7-0 

94)  -f  r55'  -}-  8Mr 
77  f  to  -    0°  3V  to  -    2'  16' 

Andesine 

3:2 
1  :  1 

2-680 
2-694 

581 
55-6 

26-6 
28-3 

8-4 
10-4 

6  9  I  "  2**  12'  -  ?•  58* 
5-7  f  to  -    5"  10'  to-  16" 

Labradorite 

\       J 

3  :4 
1  :8 

2-703 

2-728 

58-7 
49  3 

29-6 
32-6 

118 
153 

4-9  )  -  V  53'  -  20'  52' 
2  8  f  to  -  17'  40'  to  -  29'  28' 

Bytownite 

1  :4 
1  :8 

2-785 
2-747 

48-0 
45-9 

33-4 
34-9 

16-8 
18-0 

2  8  )  -  2r  5'  -  81'  10' 
1-2)  to  -  28''    4'  to  -  88M0' 

Anorthite 

0:  1 

2-758 

43  2 

36  7 

201 

0         -  37»             -  Sfto 

Diff. — In  rock  sections  the  pla.irioclnse  feldspars  are  distinguished  by  their  lack  of  color, 
low  refractive  relief,  and  low  interference-colors,  which  in  good  sections  are  mainly  dark 
gray  and  scarcely  rise  into  white  of  the  first  order;  also  by  their  biaxial  diameter  in  con- 
verging light.  In  the  majority  of  c>is(*s  they  nrc  easily  told  by  \\\v  parallel  bands  or  tine 
lamellsb  which  pass  through  them  duo  to  the  multiple  twinning  according  to  the  albite 
):iw;  one  set  of  bands  or  twin  lamellte  exhibits  in  general  a  ditlerent  interference- color 
from  the  other  (cf.  Figs.  735.  736)     They  are  thus  distinguished  not  only  from  quartz  and 


♦See  Tschermak,  Ber.  Ak.  Wien.  50  (I).  566. 1865;  Schuster.  Min.  Mitth..  3.  117,  1881. 
6.  189,  1882;  Mallard.  Bull.  Soc.  Min  .  4.  96.  1881.  Also  Michel-Levy  and  other  authors 
referred  to  on  p.  212;  further,  G.  F.  Becker,  Am.  J.  Sc.  6.  p.  349,  May  1898. 
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orthoclaae,  wftb  which  the^  are  ofren  asGoclnted,  bitt  from  all  the  common  rook-mnkliiK 
mloenlB.  To  dIstliiKiiish  tlie  different  species  and  Bub-epeclts  from  odc  imotlier.  u  siblie 
rrom  labrodorite  or  amlesine,  U  more  lUlScuU.  lu  Becllons  linvitig  u  tleHiiiie  oHeiitiilloii 
(|  «  (001)  and  |  b  (010)  |  litis  cnti  genernllj  be  done  by  determining  tbe  extlhCllon  angles  (cf. 
p.  87S  and  Fie.  789'.  Id  geoenil  in  rork  sections  special  melbods  are  required;  tbcs 
J, J  ,.,  (^g  ^,..^ , ,  ... 


discuBsed  b;  tue  authors  refcnetl  lo  lu  llie  iii 

ALBTTB. 

Triclinic     Axes  if  il  ■.i=  06335 
'  =  88°  9'. 

6c.      010  A  001  =  86"  34".  l 

mif,  110  A  liO  =  66°  14'. 
bm.  no  A  010  =  60°  38". 
cm,  001  A  "0  =  05°  ir. 
eM,  001  A  liO  =  8B°  10". 


D  p.  376. 


1  :  0-5577;    a=  94°  3', 


001  A  ioi  = 


•  16'. 


Twins  aa  witli  orthoclase; 
also  very  common,  the  tw.  pi. 
b,  albite  law  (p.  375),  usually 

contact-twiua,  and  polysyii- 
thetic.  coiiBiating  of  thin  la- 
mella and  with  consequent  fine 
striationa  on  c;  tw.  axis  Z,  pericline  law,  contact-twins  whose  coDiposit ion- face 
is  the  rhombic  section  (Figs.  737  and  745);  often  polysynthetic  and  ehowing 
fine  striationa  which  on  6  arc  inclined  backward  +  22°  to  the  edge  b/c. 

Cryatals  often  tabular  y  b;  iilso  elongated  |  axis  i,  as  in  the  variety  peri- 
cline. Also  massive,  either  lamellar  or  granular;  the  laminie  often  curved, 
sometimes  divergent;  granular  varieties  occasionally  quite  fine  to  inipalpiible. 
Cleavage:  c  perfect;  i  somewhat  less  so;  m  imperfect.  Fracture  uneven 
to  conchoidal.  Brittle.  II.  =  6-6-5.  G.  =  8-62-2'65.  Lnster  vitreous;  on 
a  cleavage  surface  often  pearly.  Color  white;  also  occasionally  bluish,  gray, 
reddish,  greenish,  and  green;  sometimes  having  a  blitish  opalescence  or  play 
of  colors  on  c.     Streak  uncolored.     Transparent  to  aubtranaliicent. 

Optically  +.  Plane  {S)  _L  to  Bx„  inclined  100°  to  102°  to  c  on  acute  edgeh/c. 
EKtinction-angle  with  edge 
b/e  =  +  4°  30*^  to  2°  on  c,  and 
=  4-20°  to  15°  on  b  (Fig. 
737)  Dispersion  for  Bx„ 
f>  <  (■;  also  inclined,  hori- 
zontal; for  Bxo,  p  >  r;  in- 
clined, crossed,  Dx.  2U, ,.  = 
SO"  to  84°  Dx.  Birefrin- 
gence weak,  y  —  n  =  0'0i)8. 

Comp.— A  silicate  of  nlnminium  iind  sodium.  N'aAISi.O,  or  Ka,0-AI,0,. 
CSiO,  =  Silica  68  7,  aluniin;i  19  5.  soda  US  =  100.  Calcium  is  usually  pres- 
ent in  small  amount,  as  annrlhite  (CaA],Si,0.),  and  as  this  increases  it  gradu- 
ates through  oligoclase-albite  to  oligoclase  (cf.  p.  376).  Potassium  may  also 
be  present,  and  it  is  then  connected  with  anorthoclase  and  microclinc. 

Var. — (hdinary.  In  crysialsiind  mn'sive.  The  crystnls  often  Inbnlar  \b.  The  massive 
formB  lire  usually  nearly  |uire  while,  and  tiften  show  whvv  or  curved  laminte.  P«ri»ieHle 
la  H  whitish  aduliirin-llku  niblte.  slightly  iridescent,  nnmeil  from  xeiiia-rfpd.  pigeon.  Attn- 
turii\*  and  moonttone  vurielies  also  occur.     PericUnt  from  Ihe  chloritic  schists  of  the  Alps 
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is  in  rather  large  opaque  white  crystals,  with  characteristic  elongation  in  the  direction  of 
the  b  axis,  as  shown  in  Figs.  744  and  745,  and  commonly  twinned  with  this  as  the  twinning 
axis  (periciine  law). 

Pyr.,  etc.— B.B.  fuses  nt  4  to  a  colorless  or  white  glass,  imparting  an  intense  yellow  to 
the  flauie.     Not  acted  upon  by  acids. 

Diff.— Resembles  barite  in  some  forms,  but  is  harder  and  of  lower  specific  gravity;  does 
not  effervesce  with  acid  (like  calcite).  Distinguished  optically  and  by  the  comniou  twin- 
ning striatious  on  c  from  orthoclase;  from  the  other  triclinic  feldspars  partially  by  speciiic 
gravity  and  better  by  optical  means  (see  p.  376). 

Oba. — Albile  is  a  constituent  of  many  igneous  rocks,  especially  those  of  alkaline  tyi^, 
as  granite,  eheolite-syenite.  diorite,  etc.;  also  in  the  con-espondiug  feldspaihic  lavas  In- 
pei'thiU  (p.  878)  it  is  iuterlaniinated  with  orthoclase  or  micrccliue,  and  similar  aggrega- 
tions, often  on  a  microscopic  scale,  are  common  in  many  rocks.  Albite  is  common  also 
in  gneiss,  and  sometimes  in  the  crystalline  schists,  veins  of  albitic  granite  are  often 
re|>ositories  of  the  rarer  minerals  and  of  tine  crystallizations  of  gems,  including  bervl, 
tournmline,  allauite,  colunibite,  etc.  It  is  found  in  disseminated  crystals  in  granular 
limestone. 

Some  of  the  most  prominent  European  localities  are  in  cavities  and  veins  in  the  granite 
or  granitoid  rocks  of  the  Swiss  and  Austrian  Alps,  associated  wiih  adularia,  smoky  quaiiz, 
chlorite,  titanite.  apatite,  and  many  rarer  species;  it  is  often  implanted  in  parallel  position 
upon  the  orthochise.  Thus  in  the  St.  Gothard  region;  Roc  Tourne  near  Modane.  Savoy; 
onMt.  Skopi  (periciine);  Tavetschthal;  Sclimirn,  Tyrol;  alsoPfitsch,  Rauris.  the Zillerthal, 
Eriml,  Schneeberg  in  Passeir  in  simple  crystals.  Also  in  Dauphine  in  similar  association; 
Elba.  Also  Hirschberg  in  Silesia;  Penig  in  Saxony;  with  topaz  at  Mursinka  in  the  Ural 
and  near  Miask  in  the  Ilmen  Mts. ;  Cornwall,  England;  Mourne  Mts.  in  Ireland. 

In  the  United  States,  in  Maine,  at  Paris,  with  red  and  blue  tourmalines.  In  ifoM  ,  at 
Chesterfield,  in  lamellar  masses  {eleavelandite),  slightly  bluish,  also  fine  granular.  In  New 
Mamp.,  at  Acworth  and  Alstead.  In  Conn.,  at  Haddam;  at  the  Middletown  feldspar 
quarry;  at  Branchville,  in  fine  crystals  and  massive.  In  N.  Tork,  at  Moriah,  Essex  Co.,  of 
a  greenish  color.  In  P(0nn.,  at  fjnionville,  Chester  Co.  In  Virginia,  bX  the  mica  mines 
near  Amelia  Court-House  in  splendid  crystallizations.  In  Colorado,  in  the  Pike's  Peak 
region  with  smoky  quartz  and  amazon -stone. 

The  name  albiie  is  derived  from  aWtis,  white,  in  allusion  to  its  common  color. 

Oligoclase. 

Triclinic.  Axes,  see  p.  369  be,  010  A  001  =  86°  32'  Twins  observed 
according  to  tiie  Carlsbad,  albite,  and  periciine  laws.  Crystals  not  common. 
Usually  massive,  cleavable  to  compact. 

Cleavage:  c  perfect;  ft  somewhat  less  so.  Fracture  conchoidal  to  uneven. 
Brittle.  H.  =  6-6*5.  6.  =  2*65-2'6T.  Luster  vitreous  to  somewhat  pearly  or 
waxy.  Color  usually  whitish,  with  a  faint  tinge  of  grayish  green,  grayish 
white,  reddish  white,  greenish,  reddish;  sometimes  aventurine.  Transparent, 
subtranslucent.     Optical  characters,  see  p.  376. 

Comp.,  Var. — Intermediate  between  albite  and  anorthito  and  corresponding 
to  Ab.An,  to  Ab,An,,  but  chiefly  to  Ab,An,,  p.  376. 

Var.— 1.  Ordin  ry.  In  crystals  or  more  commonly  massive,  clenvable.  The  varieties 
containing  sodn  up  to  10  p.  c.  ure  called  oligoelnse-allite.  2.  Aventurine  oligocUue,  or  ttin- 
etone,  is  of  a  grayish-whiteto  reddish  pray  color,  u^^unlly  the  latter,  with  internal  yellowish 
or  reddish  flrelike  reflections  proceeding  from  disseminated  crystals  of  probably  either 
hematite  or  gdthite. 

Pyr.,  etc.— B  B.  fuses  at  3  5  to  a  clear  or  enamel-like  glass.  Not  materially  acted  upon 
by  acids. 

Diflf.— See  orthoclase  (p.  872)  and  albite  (p.  377):  also  pp  870.  876. 

Obs.— Occurs  in  porphyry,  granite,  syenite,  and  nlso  in  different  effusive  rocks,  as 
nndesite.  It  is  sometimes  associated  with  orthoclase  in  granite,  or  other  eranite-like  rock. 
Among  its  localities  are  Danviks-Zoll  near  Stockholm;  Pargas  in  Finland;  Shaitansk, 
Ural;  in  syenite  of  the  Vosges;  at  Albula  in  the  Orisons;  Marienbad.  Bohemia;  Chalancbes 
in  Alleinont,  and  Bourg  d'Oisans,  Dauphine;  as  aunsione  at  Tvedestrand,  Norway;  at 
HitterO;  Lake  Baikal. 
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In  the  United  States,  at  Fine  aud  Macomb,  St.  Lawrence  Co.,  N.  Y.,  in  good  crystils; 
at  Danbury,  Gt.,  with  orthoclase  and  danburitc;  Haditain,  Ct.;  at  the  emery  mine.  Ches- 
ter. Mass.,  granular;  at  UnlonYille.  Pa.,  with  euphyllite  and  corundum;  Miuenil  Hill, 
Delaware  Co.;  at  Bakeraviile,  N.  C,  in  clear  glassy  musses,  showing  cleiivage  bin  no 
twinning.    Named  in  1826  by  Breithaupt  from  oAiyoS,  litUe,  and  KXd(rii,fraelure, 

Andesine. 

Triclinic.  Axes,  see  p.  369.  be,  010  A  001  =  86°  14'.  Twius  as  witn 
albite.     Crystals  rare.     Usually  massive  cleavable  or  gran  alar. 

Cleavage:  c  perfect;  b  less  so;  also  M  sometimes  observed.  H.  =  5-6. 
G.  =  2*68-2'69.  Color  white,  gray,  greenish,  yellowish,  flesh-red.  Luster 
subvitreous  to  pearly.     Optical  characters,  see  p.  376. 

Comp. — Intermediate  hetween  albite  and  auorthite,  corresponding  to  Ab: 
An  in  the  ratio  of  3 : 2,  4 : 3  to  1 : 1,  see  p.  376. 

P3rr.,  etc. — Fuses  iu  thin  splinters  before  the  blowpipe.     Imperfectly  soluble  in  acids. 

Obs. — Observed  in  many  gnmular  aud  volcanic  rocks;  thus  occurs  iu  the  Andes,  at 
Marmaio,  ns  an  ingredient  of  the  rock  called  andestte;  in  the  porphyry  of  TEsterel,  Dept. 
du  Var.  Fmnce;  in  the  syenite  of  Alsace  iu  the  Vosges;  at  vapneflord,  Iceland;  Boden- 
mais,  Bavaria.  Sanford,  Me  ,  with  vesuvianite.  Common  in  the  igneous  rocks  of  the 
Rocky  Mts. 

Labradorite.     Labrador  Feldspar. 

Triclinici  Form  near  that  of  andesine,  but  not  accurately  known  (p.  369). 
Cleavage  angle  be  =  86''  4'.  Forms  and  twinning  similar  to  the  other  plagio- 
clase  species.  Crystals  often  very  thin  tabular  |  J,  and  rhombic  in  outline 
bounded  by  cy  or  ex  (Fi^.  425,  p.  131).  Also  massive,  cleavable  or  granular; 
sometimes  cryptocrystalline  or  homstone-ljke. 

Cleavage:  e  perfect;  b  less  so;  M  (110)  sometimes  distinct.  H.  =  5-6. 
G.  =  2'70-2'72.  Luster  on  e  pearly,  passing  into  vitreous;  elsewhere  vitreous 
or  subresinous.  Color  gray,  brown,  or  greenish  ;  sometimes  colorless  and 
glassy;  rarely  porcelain-white;  usually  a  beautiful  change  of  colors  in  cleav- 
able varieties,  especially  ||  b.  Streak  uncolored.  Translucent  to  subtrans- 
lucent.     Optical  characters,  see  p.  376. 

PIhv  of  colors  a  common  character,  but  sometimes  wanting  as  in  some  colorless  crys- 
tals. Blue  and  green  arc  the  predominant  colors;  but  yellow,  tire-red,  and  pearl-gray  also 
occur.  Vogelsang  regards  the  common  blue  color  of  labradorite  as  an  interference- 
phenomenon  due  to  lis  lamellar  structure,  while  the  golden  or  reddish  scbiller,  with  the 
other  colors,  is  due  to  the  presence  of  black  acicular  microlites  and  yellowish-red  micro- 
scopic himellfe,  or  to  the  combined  effect  of  these  with  the  blue  reflections.  Schrauf  has 
examined  Ihe  inclusions,  their  position,  etc..  and  given  the  uhinea  nUeropUikite  tLud  micro- 
phyllite  to  two  groups  of  them.     (See  references  on  p  142.) 

Comp.,  Yar. — Intermediate  between  albite  and  anorthite  and  corresponding 
chiefly  to  Ab  :  An  in  a  ratio  of  from  1  :  1  to  1  :  3,  p.  376. 

The  feldspars  which  lie  between  labradorite  proper  and  anorthite  have  been  embraced 
by  Tschermak  under  the  name  bytowniU,  The  original  bytownite  of  Thomson  was  a 
greenish- white  feldspathic  mineral  found  in  a  boulder  near  Bytown  (now  Ottawa)  in 
Ontario,  Canada. 

P3rr.,  etc.  — B.B.  fuses  at  3  to  a  colorless  glass.  Decomposed  with  difficulty  by  hydro- 
chloric acid,  generally  leaving  a  portion  of  undecomposed  mineral. 

Diff.— The  beautiful  play  of  colors  is  a  common  but  not  universal  character.  Other- 
wise distimjui^hed  as  are  the  other  feldspars  (pp.  870,  876). 

Obs. — Labradorite  is  an  essential  constituent  of  various  igneous  rocks,  especially  of  the 
basic  kinds,  and  usually  associated  with  Fome  member  of  the  pyroxene  oramphibole  groups. 
Thus  with  hypersthene  iu  norite,  with  diallage  in  gabbro,  with  some  form  of  pyroxene  in 
diabase,  basalt,  dolerite,  also  andesite.  tephHte,  etc.     Labradorite  also  occurs  iu  other 


380 


DESCBIPTIVE   MINERALOGY. 


kinds  of  lava,  and  is  sometimes  found  in  them  in  glassy  crystals,  as  in  those  of  Etna, 
Vesuvius,  the  Suudwich  Islands  at  Kilauea. 

The  labradorilic  massive  ruclcs  are  most  common  among  the  formations  of  the  Archsan 
era.  Such  are  part  of  thosu  of  British  America,  norihern  New  Y<>rlc  Pennsylvania, 
Arkansas;  those  of  Greenland,  Norway,  Finland,  Sweden,  and  probably  of  the  Vosgcs. 

On  the  coast  of  Labrador,  labradorite  is  associated  with  horubli'iKii*,  h}  |)ersthL)ie,  and 
magnetite.    It  is  met  with  in  many  places  in  Quebec.    Oc>  uis  ubuiidjiiiily  ibrougb  the  ceu 
tral  Adirondack  region  in  northern  New  York;  in  the  Wichita  Mts.,  Aikansas. 

Labradorite  was  first  brought  from  the  Isle  of  Paul,  on  the  coast  of  Labrador,  by  Mr. 
Wolfe,  a  Moravian  missionary,  about  the  year  1770. 

Mabkeltnite.    In  colorless  isotropic  grains  in  meteorites;  composition  near  labradoriti*. 


ANORTHrm.     Indianitc. 

Triclinic.    Axes  a:h:6  =  0-6347 
y  =  91°  12'. 

be,  010  A  001  =  85'  50'. 
mM,  110  A  110  =  59"  29'. 
6m,    010  A  110  =  58"    4'. 

746.  747. 


1  :  0-5501;  a  =  93°  13',  /?  =  115**  55J', 


cm. 

001 

A  110 

— _ 

e5" 

58' 

cM, 

001 

A  110 

=r 

69" 

20' 

oy. 

001  A  201 

= 

81" 

14' 

748. 

Twins  as  with  albite  (p.  375  and  p.  377).  Crystals  usually  prismatic  |  i 
(746,  also  Fig.  338,  p.  108),  less  often  elongated  |  h,  like  pericline  (Fig.  747). 
Also  massive,  cleavable,  with  granular  or  coarse  lamellar  structure. 

Cleavage:  c;  perfect;  ^  somewhat  less  so.  Fracture  conchoidal  to  uneven. 
Brittle.  H.  =  6-6*5.  G.  =  274-2-76.  Color  white,  grayish,  reddish.  Streak 
uncolored.     Transparent  to  translucent. 

Optically  — .  Ax.  pi.  nearly  JL  e  (021),  and  its  trace  inclined  60'  to  the 
edge  c/e  from  left  above  behind  to  right  in  front  below.     Extinction-angles  on 


igence  stronger  than 


6',  -  34°  to  -  42°  with  edge  b/c\  on  b,  -  35°  to  -  43°  (Fig.  739,  p.  375):    Dis- 
persion  p  <  r,  also  inclined.     2Ha.r  =  84°  50'.      Birefringc 
with  albite,  y  ^  at  -=  0-013. 

Comp. — A  silicate  of  aluminium  and  calcium,  CaAl,Si,0.  or  CaO.  Al  0  .2SiO 
=  Silica  43-2,  alumina  36  7,  lime  201  =  100.     Soda  (as  NaAlSi.OJ  is  usually 
present  in  small  amount,  and  as  it  increases  there  is  a  gradual  transition  through 
bytownite  to  labradorite. 

Vax.—Anorthite  was  dc8crii)ed  from  tlie  glnssy  crystals  of  Soniina:  mid  e?iriitianite  Mid 
biotine  Hre  tlie  Mime  mineral.  Thiortauits  is  tbe  same  fn)m  Iceland.  Indianite  is  a  white, 
grayish,  or  reddish  granular  auorthite  from  India,  where  it  occui-s  as  the  gtingne  of  coniii- 
dum,  first  described  in  1802  by  Count  Bournon.  Cyclopite  occurs  in  small,  transp  irent,  and 
glassy  crystals,  tabular  |  6.  coating  cavities  in  the  doleiite  of  the  Cyclopean  Islands  and 
near  Treauui  on  Etna.     Amphodelite,  Upolite,  latrobite  also  belong  to  anorthite. 

Pyr..  etc.— B.B.  fuses  at  5  to  a  colorless  glass.  Anorthite  from  Mte.  Somma,  and 
indiauite  from  the  Carnatic,  are  decomposed  by  hydrochloric  acid,  with  separation  of 
gelatinous  silica. 
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Oba.— Occurs  in  sonie  dioriin;  occBBiooiiIIy  In  cODOcctlon  nlth  gobbro  aad  lerpentlne 
rocksj  Id  some  cusea  along  wltb  coruadum;  In  many  Tulcanic  rocks,  audeslten,  basalta,  eic; 
aa  u  cuustituetit  of  Gome  iiieteuiites  (Juvemis,  SUiiiiem). 

Annrtbite  lehrutianitt  and  biotiiie)  ouciirs  at  Mouul  VeBUTiUH  Ju  isoluteii  blocks  among 
ihe  old  Ittvas  in  Ibe  ravines  of  Monte  Sommti;  )u  tbe  Allwui  Mta. ;  on  tbe  Pesnieilii  Alp, 
Moiizoul,  Tyrol,  as  ii  contact  mineriLl;  Arnnyer  Berg,  TrautiylTttuiu,  in  aadt'sit«;  on  Ice- 
land; near  Bogoslovsb  ia  tbe  Ut«l.  In  the  Oyolopenn  laliinds  (cyetopite).  la  llie  lavii  of 
tbe  Islnnil  of  Mlyake,  Japan. 

AnvrtliiU  wns  uiu>i«d  io  1633  by  Rose  from  arop6ai,  cbliqat.  the  crystullizatioii  being 
triclinic. 

OelslaD.  BaAli6iiOi,  sliuilnr  lo  anonbire,  but  cuutnining  baiiiiin  JuBlead  of  calcfum. 
Massive,  wltb  the  usual  cleavagea  e  (001)  and  b  (010),  eb  =  bS'  M.  H.  =  d-O'S.  G.  =  8-87. 
Colorless.     Extinclfou;  on  c,  8^  lO*;  on  b,  2lt°  45'.     From  Jakobsbevg,  Swedeu. 


n.  MetasUicateB.    RSiO,. 

Salts  of  Metaeilicic  Acid,  H,SiO,;  characterized  by  an  osygeu  ratio  of  2  :  1 
for  silicon  to  bases.  The  DiviBion  closes  with  a  number  of  species,  in  part  of 
somewhat  donbtful  composition,  forming  a  transition  to  the  Orthosilicates. 

The  metasilicates  include  two  prominent  and  well -character!  zed  groups, 
viz.,  tbe  Pyroxene  Group  and  the  Amphibole  Group.  There  are  also  others 
less  important. 


Lieaclte  Group.     Isometric. 

In  sever:))  respects  leuclte  ts  allied  to  tbe  spectcd  of  tbe  Feldspar  Oboup,  which  Imme- 
dlulely  precede. 

Lencite  KAl(SiO,),  Isometric  at  500° 

Fseu do- isometric  at  ordinary  temperatures. 
PoUnoite  H,Ca.Al.(SiO,),  Isometric 

LEIUOITE.     Ampbtgfne. 

Isometric  at  500°  C;   pseud  o-iso  me  trie  under  ordinary  conditions  (see  p. 
'^30).     Commonly  in  crystals  varying  in  ang)e  bttt  little  from  the  tetragonal 

tiisoctahedron  n  (211),  sometimes  with  a  (100),  and  d  749 

\\[0)  as  subordinate  forms.  Faces  often  showing 
fine  striations  due  to  twinning  (Fig.  t-id).  Also  in 
<lisseminated  grains;  rarely  niuseive  granular. 

Cleavage:  d  (110)  very  imperfect.  Fracture  con- 
dioidal  Brittle.  H.  =  5-5-6.  G.  =:^  2-45-2'50.  Luster  ; 
vitreous.  Color  white,  ash-gray  or  smoke-gray.  Streak 
nncolored.  Translucent  to  opaque.  Usually  shows 
very  feeble  double  refi-action:  w  =  IbOB,  e=  1'509 
(p.  230). 

Comp.-KAl{SiO.),  or    K,OAI,0,-*SiO.  =  Silica 
53-0,  ftluniiuu  2'i  5,  potash  21'5  =  100. 

Si"la  in  present  only  in  Bmiill  quiinlliies,  unless  na  introduced  by  alteralloa;   traces  of 
liibiiim,  iiJBo  of  rubidium  and  ceeslum,  have  been  delected. 

e  — U,B.  infusible;  wiih  ciiball  »)lution  gives  a  blue  color  (iduminlum).     Docoin- 

iibout  geliiiinlzatioii. 

.8  trikpezoliedral  form, 
ia  softer  tbun  giirnel  und  harder  Itian  aualcile;  tbe  lailer  yields  w 
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Reco^ized  in  thin  sections  bj  its  extremely  low  refmction,  isotropic  character,  and  the 
sjrmmetrical  arrangement  of  iuclusious  (Fig.  750;  also  Fig.  471,  p.  141).     Larger  cr>8Uila 


760. 


Leucitc  crystals  from  the  leucitite  of  the  Bearpaw  Mts.,  Montana  (Pirsson).     These  show 
the  progressive  growth  from  slieleton  forms  to  complete  crystals  witb  glass  inclusions. 

are  commonly  not  wholly  isotropic  and.  further,  show  complicated  systems  of  twinniof^- 
lines  (Fig.  749);  the  birefringence  is,  however,  very  low,  and  the  colors  (scarcely  rise  atioTe 
dark  gray;  they  are  best  seen  by  introduction  of  the  quartz  or  selenite  plate  yiilding  red  of 
the  first  order.  The  smaller  leucites,  which  lack  this  twinning  or  the  iuclusious.  are  only 
to  be  distinguished  from  sodalite  or  uualcite  by  chemical  tests. 

Obs. — Leucite  occurs  only  in  igneous  n>cks.  and  especially  in  recent  lavas,  »s  one  of  the 
products  of  crystallization  of  magmas  rich  in  potasli  and  low  in  silica  (for  which  reason  this 
species  rather  than  orthoclase  is  formed),  llie  larger  embedded  crystals  are  commonly 
anisotropic  and  show  twinning  lainellse:  the  smaller  ones,  forming  the  groundmass,  are  iso- 
tropic and  without  twinning.  Found  in  leiicitites  and  leucite  basalts,  leucitophvres,  leucite. 
phonolites  and  leucite-tepbrites;  also  in  certain  rocks  occurring  in  dikes.  Very  rare  io 
intruded  igneous  rocks,  only  one  or  two  instances  being  known;  but  its  former  presence 
under  such  conditions  is  indicated  by  pseudomorphs,  often  of  large  size  {pieudoUuciie} 
ccmsistiug  of  nephelile  and  orthoclase,  also  of  analoite. 

The  prominent  localities  are,  first  of  all,  Vesuvius  and  Mte.  Somma,  where  it  is  thickly 
disseminated  through  the  lava  in  grains,  and  in  large  perfect  crystals;  also  in  ejected 
masses;  also  near  Rome,  at  Capo  di  Bove.  Rocca  Monnna,  etc.  Further  in  leucite- tephrite 
at  Proceno  near  Lake  Bolsena  in  central  Itfdy:  also  about  the  Laacher  See  and  at  several 
points  in  the  Eifel;  at  Rieden  near  Andeniach;  at  Meiches  in  the  Voirelsgebirge;  in  the 
Kaiserstuhlgebirge.  Occurs  in  Brazil,  at  Pinhalzinho.  From  the  Cerro  de  las  Virgines, 
Lower  Calimriii.i.  In  the  United  States  it  is  present  in  a  rock  in  the  Green  River  Basin  at 
the  Leucite  Hills.  Wyoming;  also  in  the  Absaroka  range,  in  northwestern  Wyoming:  in 
the  High  wood  and  Bearpaw  Mts  .  Montana  (in  part  pseudoleucite).  On  the  shores  of  Van- 
couver Island,  where  magnificent  groups  of  crystals  have  been  found  as  drift  boulders. 

Pseudoleucite  (see  above)  occurs  ill  thephonolite(tineuaite)of  theSerradeTingua,  Brazil; 
at  Magnet  Cove.  Arkansas;  near  Hamburg,  N.  J.;  >u>ntana;  also  in  the  Cariboo  Disir., 
British  Columbia. 

Named  from  XevKo?,  white,  in  allusion  to  its  color. 

Pollucite.  Essentially  Hs0.2Cs,0  2AI3OS  9SiOs.  Isometric;  often  in  cubes;  also  mas- 
sive. H.  =  6*5.  G.  =  2*901.  Colorless.  Occurs  very  sparingly  in  the  island  of  Elba; 
with  petalite  (castorite);  also  at  Hebron  and  Rumford,  Me. 


Pyroxene  Group. 

Orthorhombic,  Monoclinic,  Triclinic. 
Composition  for  the  most  part  that  of  a  metasilicate,  RSiO,,  with  R  = 

Ca,Mg,Fe  chiefly,  also  Mn,Zn.     Farther  RSiO,  with  R{Fe,Al),SiO,,  less  often 

I 

containing  alkalies  (Na,K),  and  then  RSiO,  with  RAl(SiO,),.     Rarely  includ- 
ing zirconium  and  titanium,  also  fluorine. 

a,  OHhorhomhic  Section. 

a  :  h  :  6  or  h  :  d  :  i 

Enstatite  MgSiO,  0-9702  :  1  :  0-5710       1-0307  :  I  :  0-5885 

Bronzite  (Mg,Fe)SiO, 

Hypersthene  (Fe,Mg)SiO,  0-9713  :  1  :  0-5704       1-0319  :  I  :  0-5872 

The  second  set  of  axial  ratios,  with  a  =  1,  brings  out  the  similarity  of  the  form  to  the 
monoclinic  species. 


4.   AUGITE 
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A  ManocUnic  Section, 

a  I  h  I  6  ti 

^^oxmt  1.0921  \  1  ":  05893  74*'  10' 

I.    NON'ALUMTNOUa    VARIETIES: 

Malacolite,  Salite,  Diallage^  etc. 

2.  Hedenberqite  CaFe(SiOJ, 

Mangaiihedenbergite  Ca(Fe,Mn)(SiO,), 

3.  ScHEFFERiTE  (Ca,Mg)(Fe,Mn)(SiO,), 

Jeffersonite  (Ca,Mg)(Fe,Mn,Zn)(SiO,), 

II.  Aluminous  Varieties: 

{  Ca(Mg,Fe)(SiO.), 
}  with  (Mg,Fe)(Al,Fe),SiO, 
Lencangite,  Fassaite,  Augite,  ^girite-augite. 

Acniite  (^girite)  NaFe(SiO,),  1-0996  :  1  :  0-6013  73°  IT 

Spodnmene  LiAl(SiO,),  1-1238  :  1  :  06355  69**  40' 

Jadeite  NaAl(SiO,),  1-103    :  1  :  0613    72°  44^' 

a  :i  :  i  0 

WoUaatonite  CaSiO.  1-0531  :  1  •  09676  84°  30' 

Pectolite  HNaCa,(SiO,),  11140  :  1  :  09864  84°  40' 

y.  Tridinic  Section, 

a  \1>  :  6  a  fi  y 

Ehodonite    MnSiO.  10729  :  1  :  06213   103°  18'     108°  44'  8^39' 

also  (Mn,Ca)Si03 
(Mn,Fe)SiO. 
{Mn,Zn,Fe,Ca)SiO, 
Babingtonite  10691  :  1  :  0-6308   104°  2H'  108°  31'  83°  34' 

(Ca,Fe,Mn)SiO,.Fe,(SiO,), 

Tbe  rnre  species  Rosen buscbite,  L&Tcnite,  WAhlerite  also  belong  under  the  monocliiiic 
section  and  Hiortduiilite  under  tbe  iriclinic  section  of  this  group. 

Tbe  Pyroxene  Group  embraces  a  number  of  species  which,  while  falling 

in  different  systems — orthorhombic.  monoclinic,  and  triclinic— are  yet  closely 

related  in  form.     Thus  all  have  a  fundamental  prism  with  an  angle  of  93°  and 

87°,  parallel  to  which  there  is  more  or  less  distinct  cleavage.     Further,  the 

angles  in  other  prominent  zones  show  a  considerable  degree  of  similarity.     In 

composition  the  metasilicates  of  calcium,  magnesium,  and  ferrous  iron  are  most 

II        III  I 

prominent,  while  compounds  of  the  form  R(Al,Fe),SiO„  RAl(SiO«),  are  also 
important. 

The  species  of  the  pyroxene  group  are  closely  related  in  composition  to  the 
corresponding  species  of  the  amphibole  group,  which  also  embraces  members* 
in  the  orthorhombic,  monoclinic,  and  triclinic  systems.  In  a  number  of  cjisea 
the  same  chemical  compound  appears  in  each  group;  furthermore,  a  change 
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by  paramorphism  of  pyroxene  to  amphibole  is  often  observed.  In  form  also 
the  two  groups  are  related,  as  shown  in  the  axial  ratio;  also  in  the  parallel 
growth  of  crystals  of  mouoclinic  amphibole  upon  or  about  those  of  pyroxene 
(Fig.  430,  p.  131).     The  axial  ratios  for  the  typical  mouoclinic  species  are: 

Pyroxene  a:h:6    =  1-0921  :  1  :  0*5893  /!^  =  74°  10' 

Amphibole  a  :  \l  :  d  =  1-1022  :  1  :  0  5875  (i  =  73°  58' 

See  further  on  p.  398. 

The  optical  relations  of  the  prominent  members  of  the  Pyroxene  Group, 
especially  as  regards  the  connection  between  the  position  of  the  ether-axes  and 
the  crystallographic  axes  are  exemplified  in  the  following  figures  (Cross). 


751. 


IL 


m. 


IV. 


V. 


VI. 


I,  Enstatite,  etc.    II,  Spodumene.     Ill,  Diopsfde,  etc.     IV,  Hedenbergite,  Augite. 

V,  Augite.     VI,  ^girite. 

A  corresponding  exhibition  of  the  prominent  amphiboles  is  given  under  that 
group,  Fig.  785,  p.  398. 


ENSTATTTE. 

Orthorhombic. 
762. 


a,  Orthorhtyftibic  Section, 


Axes  a:l:6  =  0  9702  :  1  :  0  5710. 


.m 


m 


mm 

gg' 


tn 


110  A  110  =  88**  16'. 
023  A  023  =  AV  41'. 


rr 


223  A  233  =  40'  \^. 
tt"\  223  A  223  =  39'    1}. 


Twins  rare:  tw.  pi.  h  (014)  as  twinning  lamellae; 
also  tw.  pi.  (101)  as  stellate  twins  crossing  at  angles  of 
nearly  60°,  sometimes  six-rayed.  Distinct  crystals  rare, 
habit  prismatic.  Usually  massive,  fibrous,  or  lamellar. 
Cleavage :  m  rather  easy.  Parting  |  h ;  also  a.  Frac- 
ture uneven.  Brittle.  H.  =  5*5.  6.  =  3*l-3-3.  Luster. 
Bamlc.  a  little  pearly  on  cleavage-surfaces  to  vitreous;   often 

metalloidal  in  the  bronzite  variety.  Color  grayish,  yellowish  or  greenish  white, 
to  olive-green  and  brown.  Streak  uncolored,  grayish.  Translucent  to  nearly 
opaque.  Pleochroism  weak,  more  marked  in  varieties  relatively  rich  in  iron. 
Optically  +.  Ax.-pl.  \b.  Bx  X  c.  Dispersion  p  <v  weak.  Axial  angle  large 
and  variable,  increasing  with  the  amount  of  iron,  usually  about  90°  for  FeO 
=  10  p.  c.     fiy  =  1-669;  X  -  a  =  0009. 

Comp.,  Van— MgSiO,  or  MgO.SiO,  =  Silica  60,  magnesia  40  =  100.     Also 
<Mg,Fe)SiO,  with  Mg  :  Fe  =  8  :  1,  6  :  1,  3  :  1,  etc. 

Var  — 1.  With  little  or  no  iron;  Enstntiie,    Color  white,  jrellowish,  crayish,  or  greenish 
white;   luster  vitreous  to  pearly;  G.  =  810-318.     Chladmte  (Sliepardite  of  Rose),  which 


aiLKIATBS.  3t# 

nukes  up  W  p.  c  ot  the  BUhopTille  meteoiiie,  belougs  bure  iiiiU  Is  tbe  purcBt  kind.    VittorUg^ 
occurring  la  the  Deesa  meteoric  IroD  Id  TO«eites  of  iicicular  cry atitlB,  is  BimllHr. 
7&3.  764. 

t-fla. 
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SnatBtlte  (Bronzlle).  Hyperalheoe. 

2.  VerriSeroua;  BronmU.  Cnlor  grayish  green  to  oliTe-greeo  sod  brown.  Luoter  of 
cIea7a.i;e-suiTi\c«  t>rteii  Bilamiiiiliiie-paiMy  to  submelHilic  or  brouse-Hke;  tLis,  bowever,  Is 
uitiialiy  of  secondary  origia  and  is  not  esaenttnl.  WItb  ihe  locrease  oF  iron  (above  12  to  14 
p.  c.)  bniNziie  passes  to  hyiierstliene.  tbe  optic  axial  angle  cbanging  so  tbat  In  the  latter 
a  =  Bx,  aud  Bx,  l  a.     Tliis  is  illuauated  by  Pigs.  758,  TM. 


766. 


756. 


767. 


Pyr.,  rto,— B.B.  almost  Infiisible.belog  only  slightly  rounded  on  Ibe  thin  edges;  F.=  6, 
Insoluble  I'l  liydrocblnrlc  ncid. 

Obi. — EiistntiiL-{incl.  bTonzlte)tsa  common  cansTlluentof  perldntltesandtbe  rerpentlnes 
derived  from  llicm;  it  nlwi  occurs  Id  crystHlllne  sclifsls.  It  is  ofieu  luisociated  in  parallel 
growtb  Willi  a.  nionocllnic  pyroxene,  e.g.,  riialiiiRe  (Fii^  7.55.  Tfi6),  A  common  mineral  in 
meieorfc  siones  ofii-n  occurring  iu  chondriiles  with  eecentric  radistett  stnicturo  (Flit.  757). 

O'Curs  near  Alorslbnl  in  Moravia  in  serpentine;  at  Kiipfertwrc  in  BavKria:  at  Ba>le  in 
the  Hiirz  ( prolobmtif):  in  tlie  so-called  olivine  bomlis  or  the  Dreiser  Weihcr  in  tbe  Bifel; 
iu  Immense  cryntrilg.  In  pnrt  iiitereil,  ai  tlie  npaTlle  deposits  of  KjOrrestsd  near  Bnmie,  Nor- 
way: iu  tlie  peridntlTe  ninocititcd  wiib  tlie  diamond  dcpoails  of  South  AFricn. 

Id  the  U  8.,  in  Nhw  York  at  llie  Tiily  Foster  magneLito  mine,  Brewster.  Putnam  Co., 
with  cbondrodile;  nt  Edwards,  N.  T. 

Named  from  fKrrifrtfi,  an  opponent,  became  so  refractory.  The  Dame  brontSta  baa 
priority,  but  a  bronze  luster  is  not  esseatl^  and  is  far  from  univerMl. 

HTPEHSTHB  NE. 

Orthorhombic.     Axes  il:h:i  =  0-9713  :  1 :  0-5704. 

mm'",  nOA  Il0  =  8«°20'.     <w".  Ill  A  ill  =  59' 28". 
hh'.       014  A  Oil  =  16' U'.     uu'".   Z 
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Crystals  rare,  habit  prismatic,  often  tabular  Q  a,  lees  often  ||  b.  Usually 
foliated  massive;  sometimes  in  embedded  sphericul  forms. 

Cleavage  :  b  perfect;  m  and  a  distinct  but  interrupted.  Fracture  uneven. 
Brittle.     H.  =  5-6.     G.  =  3-40-3-50.     Laater  aomewiiat  pearly  on  a  cleavage- 


surface,  and  sometimes  metalloidal.  Color  dark  brownish  ^reen,  grayish  black, 
greenish  black,  pinchbeck-brown.  Streak  grayish,  brownish  gray.  Translu- 
cent to  nearly  opaque.  Pleochroism  often  strong,  especially  In  the  kiuda  with 
high  iron  percentage ;  thus  ||  a  or  ti  brownish  red,  b  or  J  reddish  yellow,  c  or  t- 
green.  Optically  — .  Ax.  pi,  ||  b.  Bx  J_ff,  Dispersiou  p  >  v.  Aiial  angle 
rather  large  and  variable,  dimiiiishing  with  increase  of  iron,  cf.  enstatite,  p. 
384,  and  Figs.  753,  754,  p.  3S5.     §  =  1  -702 ;  y  -  a  =  0  013. 

Byperstheoe  often  encloses  miituie  tabular  scales,  usuulty  of  a  brown  color,  arranged 
moaily  parallet  to  Ibe  bnaal  plaue  (Fig.  700),  nUo  less  frequeDlly  verlical  or  incliDed  SIT  to 
i:  tliey  may  be  brookite  (gOtblie,  liematlle),  bui  their  true  ualure  ii  doubtful.  Tbey  are 
tbe  cause  of  the  peculiar  nietulloidal  tiislcr  or  srhiller,  aud  nre  often  of  lecondary  origiu, 
being  developed  aloug  ilJe  so-culled  "BoIiitiou-pIaueB"  (p.  149). 

Comp.,  Tar.— (Fe,Mg)SiO,  with  FeiMg^  l:3(FeO  =  16-7  p.  c),  l:2(FeO 
=  21-7  p.c.)  to  nearly  1 :  l(FeO  =  31'0  p.  c).  Alumina  is  sometimes  present 
(up  to  10  p.  c.)  and  the  composition  then  approximates  to  the  aluminous 
pyroxenes. 

Of  Ihe  orthorbombfc  magnesium- iron  metasillcatea,  those  with  FiO  >  12  lo  IR  p.  c.  are 
usually  lo  bo  classed  with  bypei-stbene,  which  Is  furttier  characterized  by  beiug  optically 
negative  and  having  dispersion  p>  v. 

Pyr.,  etc. — B.B.  fuses  to  ■  black  enamel,  nnd  on  charcoal  yields  a  macnetlc  mats; 
fuses  more  easily  with  increasing  amount  of  Iron.  Partially  'decouipueciT  by  liydro- 
cblorlc  acid. 

Oba. — HyperMbeue.  associated  with  a  irlcllidc  feldspar  (labmdorlle),  is  common  in 
certain  granular  eruptive  rocks,  as  norite,  hyperite,  gnbbro,  alsi)  in  some  andesites  {hfptr- 
»th»n«-aBdfeKiU),  a  rock  recently  aliown  lo  occur  nither  exteusively  in  wlddy  se|)amted 
regions. 

It  occun  at  Isle  St.  Paul  ;  Labrador;  In  Greenland;  al  Farsund  and  elsewhere  in  Nor- 
way; Eirdalen  in  Sweden;  Penig  iu  Siiiony;  Itousberg  lu  Ruhemiu:  Ihe  Tyrol;  Neurude 
lu  Bilesla;  Bodeuniais,  Bavaria,  Ainblytleffi'e  is  from  tlie  Ijuucher  See.  Sf<iboiU  iicciira 
with  pseud obrooklte  ancl  Irtdyuiite,  In  cavltiL'S  In  llie  undesite  of  the  Aiaiiyer  Berg,  Tmti- 
aylvnnia.  and  elsewhere. 

Occurs  in  the  noritea  of  the  Cortlnndi  regioo  on  the  Hudson  river.  N.  Y.;  also  csmmnn 
with  labradorile  in  Ibe  Adirondack  ArcbiEiin  region  of  northern  New  York  and  northward 
iu  Canada.  In  the  hypeTalheue-undeslles  of  Mt.  Shasta.  Cullfornia;  Buffalo  Peaks,  Colo- 
rado  and  oilier  polnis, 

Hj/perithtnr  Is  named  from  vif4o  and  ffStyoS,  very  ttrong,  ( 


Babtitb,  or  SCHii.I.BR  ScAR.     An  nlli;red 


the  c 


npositiuD  of  Bvrpcollni 


li 


id  ensiaiite  (or  broiiziie)  having  approKtmately 
in  foliittL-d  form  in  certuia  granular  eruptlva 
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rocks  and  In  characterized  by  a  bronze-lika  metalloldal  luater  or  schiller  on  tbe  cblcf 
cleavage-face  (6),  whicli  "schillerizaiiun"  (p.  190)  is  of  )«coDdary  origin.  H.  =  8'5-4. 
G.  =  2-6-2'T.  Color  leeh-green  lo  olive-  and  pfitaclilo-green,  aod  piocli beck- brown.  Pleo- 
cliroism  not  marked.  Opticallj  — .  Double  refraction  weak.  Ai.  pi.  |  a  (hence  ourmal 
to  Ibat  of  eualBilte).  Bi  1  b.  Dispertioo  p  >  v.  Tlie  original  baatite  was  from  Baste 
Dear  Harzburg  In  tbe  Harz;  also  from  Todtmoos  In  the  Sctawaranald. 

Peckhamitk,  3(Mg,Fe)8iOi.(MK,Fe)S10.      Occurs  in  rounded  nodules  io  the  meteorits 
of  Eithervllle,  Emmet  Co.,  Iowa,  Hay  10,  lt)79.     Q.  =  3'Si8.    Color  light  greeoUli  yellow. 


PTROZEINa. 

Konoclinic. 


fi.  lUonoctinic  Section. 


Axead  •.t:i  =  10931: 
im'".  110  A  liO  =  98°  60". 

1.         001  A  100  =  74°  10". 

),      001  A  ioi  =  ai°  30". 

^        oil  AOil  =  SB°8'. 
Oai  A  021  =»7°11'. 

1,   001  A  in  =  aa°  wi'. 

782.  7«3. 


1 :  0-5893;  y9  =  74°  10'. 

ct.   001  A  221  =  4a°  u: 

cm,  001  A  Hii^n-ii'. 
e«,  001  A  ill  =42' 2'. 
u«'.  111  A  111=  48'' W. 
m".  Ill  a  ill  =60°  11'. 
DO",  5ai  A  221  =84*11'. 
704. 


M   & 


HJ^ 


TwioB:  W.  pi,  (1)  a,  contact- twins,  common  (Fig.  769),  sometimeB  poly- 
eynthetic.  (3)  c,  ae  twinning  ItimellfB  producing  striotiDnB  on  the  verticul 
faces  and  pseudo-cleavage  or  parting  H  c  {Fig.  770);  very  common,  often  sec- 
ondary. (3)  y  (101)  cruciform-twins,  not  common  (Fig.  421,  p.  130).  (4)  W 
(122)  the  vertieul  axes  crossing  ut  angles  of  nearly  60°;  sometimes  rcpeuled  iia 
a  siz-rayed  star  (Fig.  430,  p.  130).  Crystals  usually  prismatic  in  iiabit,  ofinii 
short  and  thick,  and  eltlier  a  square  prism  {a,  b  prominent),  or  neiirly  square 


.f^^ 


K^  Vi^ 


(93°,  87°)  with  m  prtidominating;  sometimes  a  nearly  symmetrical  8-8ided 

f)ri8m  with  a,  J,  nt  (Fig,  770).     Often  coarsely  lamellar,  ||  c  or  fl.     Also  graun- 
ar,  coarse  or  fine;  rurely  fibrous  or  columnar. 

Uleavage :  m  sometimes  rather  perfect,  but  interrupted,  often  only  observed 


DESCIIIPTIVE   MINtllALOGT. 


in  thio  sections  X  ^  (Fig.  ' 
77a  771 


■I)- 


Parting  |  c,  tine  to  twinning,  often  promi- 
nent, edpeciatljr  in  large  crystals  and 
lamellar  masses  (Fig.  7TU);  also  |  a  less 
distinct  and  not  so  common.  Fracture 
uneven  to  conchoidal.  Brittle.  H.  = 
5-6.  G.  =  3*2-3'6,  varying  with  the  com- 
•J-  "f^^J/l  <§btyWCS?^K5'^IoioP*'*"'*"''  L'^ster  vitreous  inclining  to 
y-  „--^'  y^?yxMv^t      rss'io"*;   often    dull;    sometimes  pearly 

^        I    Vl  ko-A^-iX  /v^i      I  c  in  kinds  showing  parting.     Color  usu- 

ally  green  of  various  dull  shades,  varying 
^^  from   nearly  colorless,  white,  or  grayish 

white  to  brown  and  black;  rarely  bright 
green, as  in  kinds  containing  chrominm;  also  bine.  Streak  white  to  gray  and 
grayish  green.  Transparent  to  opaque.  Pleochroism  usually  weak,  even  in 
darK-colored  varieties;  sometimes  marked,  especially  in  violet-brown  kinds 
containing  titanium. 

Optically  +.  Birefringence  strong,  {y  ~  a)  =  0-03  —  003.  Ax.  pi.  |  ft. 
Bi,  A  (!  —  c  A  (( 7=  -f-  36"  in  diopside,  to  +  52°  in  angite  (wh.  see),  or  «  =  20" 
to  3C°,  the  angle  in  general  increasing  with  amount  of  iron.  For  diopside 
from  Ala  (Dx.):    2E^=  111"  20'.     Also   (Flink)   for  white  diopside  from 


Nordmark  (2-49  p.  c.  FeO): 


Bx.Ai  2V, 

+  96°  3i'  W  V 


2V, 


Comp.,  Tar. — For  the  most  part  a  normal  metasilicate,  RSiOi ,  chiefly  of 
calcium  and  magnesium,  also  iron,  less 
often  manganese  and  zinc.  The  alkali 
metals  potassium  and  sodium  present 
rarely,  except  in  very  small  amount. 
Aleo  in  certain  varieties  containing  the 
trivalent  metals  aluminium,  ferric  iron, 
and  manganese.  These  last  varieties  may 
be  most  simply  considered  as  molecu- 
lar compounds  of  Ca{Mg,Fe)Si,0.  and 
(Mg.Fe)l  Al,Fe),RiO, ,  as  suggested  by 
TsciiiTmak.  Chromium  is  sometimes 
pn-sent  in  small  amount;  also  titanium 
replacing  silicon. 

The  name  Pyroitne  fs  from  nvo.  fire,  and 
fern;,  tlTiingtr.  and  records  HaDy's  fden  Ibal 
Ibe  niliierjil  niu',  as  lie  expresses  il.  "a  BlrBn>;er 
Id  ibe  diimulii  »f  Qre."  wbereax.lii  fact,  it  is.  uvU 

1o  tlie  rdilsiisrs.  lliu  moal  uniTersal  coQsIlliieut  " 

of  i|!neoii8  rock  8. 

Tbe  var)«lies  lire  numerous  nnil  depenii  upou  varlallans  In  composiUon  chiefly;  th« 
more  promJDeDt  of  the  varieties  property  rauk  as  sub-species. 

I,  Containing  little  or  no  Aluminium. 

1,  Diopside.  Malacolite,  Alalite.  Calcium-magnesium  pyroxene.  For- 
mula CaMg(SiO,),=  Silica  55-6,  lime  25-9,  magnesia  18-5  =100.  Color  white, 
yellowish,  grayish  white  to  pale  green,  and  finally  to  dark  green  and  nearly 
black;  sometimes  transparent  and  colorless,  also  rarely  a  fine  blue.     In  pria- 
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matic  crystals,  often  slender;  also  granular  and  columnar  to  lamellar  massive. 
G.  =  3-2-3-38.  Bx^Ai=+  36**  and  upwards,  v  —  «  =  003.  Iron  is  pres- 
ent usually  in  small  amount  as  noted  below,  ana  the  amount  increases  as  it 
graduates  toward  true  hedenbergite. 

Tbe  following  beloug  here:  Ohrany-diopiide,  contalus  cbromium  (1  to  2  8  p.  c.  CrtOi)» 
often  H  bright  green. 

MaUeoUU,  as  originally  described,  was  a  pale-colored  translucent  variety  from  8ula» 
Sweden. 

Alalite  occurs  in  broad  rieht  angled  prisms,  colorless  to  fuint  greenisli  or  clear  green, 
from  tbe  Mussu  Alp  in  the  Ala  valley,  Piedmont. 

TrazerseUiiti,  Irom  Traversella.  is  similar. 

Violan  is  a  tine  blue  diopside  from  8t.  Marcel,  Piedmont,  Italy;  occurring  in  prismatic 
crystals  and  massive. 

CanaaniU  is  a  grayish-white  or  bluish-white  pyroxene  roi  k  occurring  with  dolomite  at 
Canaan,  Conn. 

Lavravite  is  a  pyroxene,  colored  green  by  vanadium,  from  the  neighborhood  of  Lake 
Baikal,  in  eastern  Siberia. 

Diopside  is  named  from  6i%,  tmce  or  double,  and  o^if.  appearance  Malaeolite  is  from 
fjiaXiXKoS,  tofi,  because  softer  than  feldspar,  wiih  which  it  was  asi^ociaied. 

2.  Hedenbergite.  Calcium -iron  pyrojene.  Formula  CaFe(SiO,),  = 
Silica  48  4,  iron  protoxide  29  4,  lime  22  2  =  100.  Color  black.  In  crystals^ 
and  also  lamellar  massive.  O.  =  3'5-3*58.  Bx^  /\i'=  +  48°.  M«nganese  is 
present  in  manganhedenbergite  to  6  5  p.  c.     Color  grayish  green.     G.  =  3  55. 

Between  the  two  extremes,  diopside  and  hedenbergite,  there  are  numerous  transitions 
conforming  to  the  formula  Ca(Mg,Fe)Si,0«.  As  the  amount  of  iron  increases  the  color 
changes  from  light  to  dark  green  to  marly  black,  the  specific  gravity  increases  from  8*2  to 
8  6,  and  the  an  Jle  Bx«  A  ^  also  from  86*"  to  48**. 

Tbe  following  are  varieties,  coming  under  these  two  sub-species,  based  in  part  upon 
structure,  in  part  on  peculiarities  of  composition. 

Salite  (Saliliie).  color  erayish  creen  to  deep  green  and  black;  sometimes  erayish  and 
yellowish  white;  in  crystals;  also  lamellar  (i)arting  |  c)  and  granular  massive;  uom  Sala  in 
Dweden.  Baiknlite,  a  dark  dingy  green  variety,  in  crystals,  with  parting  |  e\  from  Lake 
Baikal,  in  8il)erta. 

Coecolite  is  a  granular  varietv,  embedded  in  calcite,  also  forming  loosely  coherent  to 
compact  aggregates;  color  varying  from  white  to  pale  green  to  dark  green,  and  then  con- 
taining considerable  iron;  the  latter  the  original  coccoliie.     Named  from  kokko^,  a  grain, 

Djallaob.  a  lamellar  or  thin-foliated  pyroxene,  characterizfd  by  a  fine  lamellar 
structure  and  parting  I  a,  with  also  parting  |  b.  and  less  often  |  e.  Also  a  fibrous  structure 
I  6.  Twinning  |  a.  often  poly  synthetic;  interlami  nation  with  an  orihorhombic  pyroxene 
common  (Figs.  755  and  756,  p.  886).  Color  grnyish  green  to  bright  grass-green,  and  deep 
green;  also  brown.  Luster  of  surface  a  often  pearly,  sometimes  metalloidal  or  exhibiting 
Schiller  and  resembling  bronzite,  from  the  presence  of  microscopic  inclusions  of  secondary 
origin.  Bxa  A  <i  =  +89  to  40°;  /»  =  1-681;  r  -  «  =  0*024.  H.  =  4;  G.  =  8-2-8  85.  In 
composition  near  diopside,  but  often  containing  alumina  and  sometimes  in  c<»nMderiible 
amount,  then  properly  to  be  classed  with  the  augites.  Often  changed  to  amphibole,  see 
sinnragdite,  p.  401,  and  uralite.  p  401.  Named  from  StaXXoyi},  difference,  in  allusion  to 
the  dissimilar  planes  of  fracture.  This  is  the  characteristic  pyroxene  of  gabbro,  and  other 
related  rocks. 

Omphacite.  The  granular  to  foliated  pyroxenic  constituent  of  the  garnet-rock  called 
eclogite,  often  interlaminated  with  amphiliole  (smaragdite);  color  grass-green.  Contains 
some  AUOa. 

3.  ScHEPPERiTE.     A  manganese  pyroxene,  sometimes  also  containing  much 

iron.     Color  brown  to  black. 

In  crystals,  sometimes  tabular  |  e,  also  with  p  (101)  prominent,  more  often  elongated  in 
the  direction  of  the  zone  ft:/?  (101),  rarely  prisma'ic,  |  ^.  Twins,  with  a  as  tw.  pi.  very 
common.  Also  crystalline,  massive.  Cleavage  prismatic,  very  distinct.  Color  yellowisli 
brown  to  reddish  brown:  also  black  (iron-schrfferite).  Optically-}-.  Bx»A^=c  A^  = 
44*  25i'.  The  iron-schefferite  from  Pajsberg  is  black  in  color  and  has  c  a  i  =  +  49*  to 
59*  for  different  zones  in  the  wime  crystal.  The  brown  iron-schefferite  {utbaniie)  from 
L&ugban  has  c  a  ^  =  69*  8'.     It  resembles  garnet  in  appearance. 
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Jefertonite  Ib  a  mnngaDese-zltic  pymxeae  from  FrnokUn  Purnnce,  N  J.  (but  Ihe  ziqc 
mny  be  due  to  Impurity).  lu  large,  coHrse  cryslula  with  edgee  rouuded  and  faces  UDevtiD. 
Coloi'  greeuUli  black,  ou  Ihe  expoeed  surface  chocolate-brown, 

II.  Aluminous. 

4.  AUGITE.  Aluminous  pyrojene.  Composition  chiefly  CaMgSi,0,  with 
(Mg,Fe)(Al,Fe),SiO„  and  occasionally  also  containiug  alknlies  and  then  gradu- 
ating toward  fegirite.     Titanium  is  also  Boinetinies  present.     Here  belong: 

a.  Lkdcaugite.  Color  while  or  grayisli.  Coutiiins  aluuiiua.  wiih  liuie  and  iimgui-slft. 
and  llitlu  or  no  iron.  Looks  like  diopside.  11.  =  6'5:  Q.  =  819.  Nuuied  from  XevicSi, 
vhiu. 

b.  Fasbaitb.  lucludes  the  pnle  loclark,  someiimes  deep  green  cryBtsla,  or  pisiuchio- 
green  (lud  then  resembling  epidole  (Fig.  7661.  Thi:  alurniuoiis  kiuils  of  dialkije  alao 
belong  here.     Named  from  the  locality  io  the  Fassntbul,  Tyrol.     Pyt-gom  is  from  irv^jyaua. 

e.  AnoiTB.  Includes  the  greenish  or  bruwuiah  black  and  black  kinds,  occurring 
mostly  in  eruptive  rocks.  It  is  usuidly  in  short  prismulic  crystals,  thick  nnd  stout,  or 
tubular  I  a;  often  IwiuslFlgs,  707-789).  Ferric  iron  Is  here  present,  in  relatively  large 
araoiiul,  iiud  the  angle  Bi,  a  i  becomes  +  50°  lo  62°.  fi  =  1-717;  r  -a  =  0-033.  TiO, 
Is  present  in  some  kinds,  which  are  then  pleoclirolc.     Named  from  ax'yij,  liuler. 

d.  ALKALi-AuarrK.     Here  belong  varieties  of  augite  characterized  b^  tlie  presence  of 
alkalies,  especially  soda;  they  approximate  In  compod- 
"3.  tlon  and  optically  to  acmiie  and  tegirlie  (Bx»  A  *  =  80*. 

I^g.  778),  and  are  sometimes  called  sglrite-augile  (cf. 
Fig.  776.  p.  3S21.  Known  chiefly  from  rocks  rich  in 
alkalies,  as  elKollle.syenite.  phonolite.  leucitite,  etc. 

Pyr.,  etc. — Varying  widely,  owing  to  the  wide 
Tsrhitions  in  composition  in  the  different  varieties,  and 
often  by  inseuHlble  gradations.  Fusibility,  S-7fi  in  diop- 
side; !)'G  in  salite,  balkalile,  and  omphacite;  8  in  Jeffer- 
■onite  and  aui;ite;  2'5  in  bedenbergtte.  Varieties  rich 
in  iron  afford  a  magnetic  globule  when  fused  on  char- 
cotil,  aud  in  general  the  fusibility  varies  wiib  the 
amount  of  iron.  Many  varieties  give  with  the  fluxes 
reactions  for  mauganese.  Host  varieties  are  unacted 
upon  ^3y  acids. 

Diff — Characterized  by  monocllnic  crystolllzatlon 
and  tlie  prismatic  angle  of  87°  and  88°,  hence  yielding 
nearly  square  prisma;  these  may  bo  mistaken  for  scapo- 
lite  If  terminal  faces  are  wanting  or  inillstinct  (but 
acspollte  fuses  easily  B.B.  with  intumesceuce).  The  oblique  parting  (|  e.  Fig.  770)  often 
distinctive.  al'<o  the  common  dull  green  lo  gray  and  brown  colors.  Ampbibole  differs  Id 
prismatic  uugie  (55)°  and  124^°)  and  cleavage,  and  in  having  common  columnar  to  fibrous 
varieties,  which  are  rare  with  pyroxene.     See  also  p.  398. 

The  common  mck-formlng  pyroxenes  are  distinguished  in  (bin  SPCtions  by  tlieir  high 
relief;   usually  greenish   to  olive  tones  of  color:   distinct  system  of  inter- 
rupted cleavago-ciacks  crossing  one  another  at  nearly  right  angles  in  seciioiie  774. 
X  i  {Fig.  771):  high  Interference-colors;  general  lack  of  pleochroism;  large 
extinction -angle,  30°  lo  SO'and  higher,  for  sections  |  b  <010).    The  last-named 
sections  are  easily  lecognized  by  showing  the  highest  Interference  colors;   | 
yielding  uo  optical  figures  in  convergent  Itghl  and  having  parnllel  cleavage- 
ci-acks.  the  latter  in  the  direction  of  the  vertical  axis.     Si-e  also  xgirite.  p.  MS. 
A  zonal  bandiug  is  common,  the  successive  lamlnte  sometimes  differing 
In  exliuctioa-nngli;  and  pleochioism:  also  the  hour-glas 
ally  distinct  (Fig.  774.  from  Lacroix). 

Obs,— Pyroxene  la  a  common  mineral  in  crystalline  limestone  and  dolo-    I 
mitu.  in  serpenliue  and  in  volcanic  rocks;  and  occurs  also,  but  less  nbim-    ' 
dantiy.  in  connection  with  granitic  rocks  and  metaiuorpbjc  schists:  sometimes 
forms  large  beds  or  veins,  especially  in  Archtean  rocks.     It  occurs  also  in 
_.._.  The  pyroxene  of  limestone  is  mostly  white  and  llclit  green  o 


gray  In  color,  falling  under  dioptidt  (mulacollte,  satiie, 


otite);    that  of  most  oihec 
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metamorphic  rocks  is  sometimes  white  or  colorless,  but  usually  green  of  diffcreDt  shades, 
from  pule  green  to  greenish  bluck,  and  occusioually  black;  that  ot  serpentine  is  sometimes 
in  fine  crystals,  but  often  of  the  foliated  green  kind  called  diallage;  that  of  erupiive  rocks 
is  usually  the  black  to  greenish- black  augiU. 

In  limestone  the  associations  are  often  amphibole,  scapolite,  vesuvlanite.  garnet,  ortho- 
close,  titanite,  apatite,  phlogopite,  and  sometimes  brown  tourmaline,  chlorite,  talc,  zircon, 
spinel,  rutile,  etc.;  and  in  other  metamorphic  rucks  mostly  the  same.  lu  eruptive  rocks  it 
may  be  in  distinct  embedded  crystals,  or  in  grains  without  external  crystalline  form;  it 
often  occurs  with  similarly  disseminated  chrysolite  (olivine),  crystals  of  orthoclase  (sani- 
diue),  labradorite,  leucite,  etc. ;  also  with  a  rhombic  pyroxene,  amphibole,  etc. 

Pyroxene,  as  an  essential  rock-making  mineral,  is  especially  common  in  basic  eruptive 
rocks.  Thus,  as  augite,  with  a  triclinic  feldspar  (usually  labradorite),  magnetite,  often 
chrysolite,  iu  basalt,  basaltic  lavas  and  diabase;  in  andesite;  also  in  trachyte;  in  peritiotite 
and  pikrite;  with  nephelite  in  phonolite.  Further  with  eleeolite,  ortliocluse,  etc.,  in 
elseolite-syenite  and  augite-syenite;  also  as  diallage  in  gabbro;  in  many  peridotites  and  the 
serpentines  formed  from  them;  as  diopside  (malacolite)  in  crystalline  schists.  In  limburs- 
ite,  augitite  and  pyroxenite,  pyroxene  is  present  as  the  prominent  constituent,  while  feld- 
spar isab.seut;  it  may  also  form  rock  masses  alone  nearly  free  from  associated  minerals 

Diopside  (alalite,  mussite)  occurs  in  fine  crystals  on  the  Mussa  alp  in  the  Ala  valley  in 
Piedmont,  associated  with  garnets  (hessonite)  and  talc  iu  veins  traveraing  serpentine:  in 
fine  crystals  at  Traversella;  at  Zermatt  in  Switzerland;  Schwarzenstein  in  the  Zillerthul; 
Ober-Sulzbachthal  and  elsewhere  in  Tyrol  and  in  the  Salzburg  Alps;  Reichensteiu;  Uez- 
banya,  Hungary;  A(;hmatov8k  in  the  Ural  with  alniandite,  clinochlore;  L.  Baikal  {baikaliU) 
in  eastern  Siberia;  Parg:is  in  Finland;  at  Nordmark,  Sweden. 

Hedehhergite  is  from  Tunaberg.  Sweden;  Arendal,  Norway.  Manganhedenbergite  from 
Vester  Silfberg;  Bchefferite  from  L&ngban,  Sweden. 

Augite  (incT.  fassaite)  occurs  on  the  Pesmeda  alp.  Mt.  Mnnzoni,  and  elsewhere  in  the 
Fassathal,  as  a  contact  formation;  Traversella,  Piedmont;  the  Laacher  See  and  thcEifel; 
Sosbach  in  the  Kaiserstuhl;  Vesuvius,  white  rare,  green,  brown,  yellow  to  black;  Frascaii; 
Etna:  the  Azores  and  Cape  Yerdc  Islands;  the  Sandwich  Islands,  and  many  other  regions 
of  volcanic  rocks. 

In  N.  America,  occurs  in  Maine,  at  Raymond  and  Rumford,  diopside,  salite,  rtc.  In 
Vermont,  at  Thetford,  black  augite.  with  chrysolite,  in  bowlders  of  basalt.  In  Conn,,  at 
Canaan,  white  cryst.,  often  externally  changed  to  tremoliie,  in  dolomite:  also  the  pyrox- 
enic  rock  called  caaaanite.  In  N.  York,  at  Warwick,  fine  cryst. :  in  Westchester  Co., 
while,  at  the  Sing  Sing  quarries;  In  Orange  Co.,  in  Monroe,  at  Two  Ponds,  cryst.,  often 
large,  in  limestone;  near  Greenwood  furnace,  and  also  near  Edenville;  in  Lewis  Co  ,  at 
Diana,  white  and  black  cryst.;  in  St.  Lawrence  Co..  at  Fine,  in  laree  cryst.;  at  De  Kalb, 
fine  diopside;  nlso  at  Gouverneur,  Rossie.  Russell,  Pitcairn;  at  Moiiah,  cocrolite.  in  lime- 
stone. In  N.  Jersey,  Franklin  Furnace,  Sussex  Co.,  good  cryst.,  b\%o  jeffersonite.  In  Penn., 
near  Attleboro',  cryst.  and  granular:  in  Pennsbury.  nt  Burnett's  quarry,  diopside;  at  the 
French  Creek  mines,  Chester  Co.,  chiefly  altered  to  fibrous  amphibole.  In  Tennessee,  at 
the  Ducktown  mines. 

In  Canada,  at  Calumet  I.,  grayish-green  cryst.  in  limestone:  in  Bathurst.  colorless  or 
while  ci^st.;  at  Grenvillc,  dark  green  cryst.,  and  granular;  Burgess,  Lanark  Co.;  Renfrew 
Co.,  with  apatite,  titanite.  etc.;  Orford,  Sherbrooke  Co.,  white  crystals,  also  of  a  chrome- 
green  color  with  chrome  garnet;  at  Hull  and  Wakefield,  white  crystals  with  nearly  color- 
less garnets,  honey-yellow  vesuvianite,  etc.  At  many  other  points  in  the  Archseau  of 
Quebec  and  Ontario,  especially  in  connection  with  the  apatite  deposits. 

Pyroxene  undergoes  alteration  in  different  ways.  A  change  of  molecnlar  con- 
stitution without  essential  change  of  composition,  i.e..  by  pnramorphtsm  (using  the 
word  rather  broadly),  may  result  in  the  formation  of  some  variety  of  amphibole.  Thus, 
the  white  pyroxene  crystals  of  Canaan,  Conn.,  are  often  changed  on  the  exterior  to  tremo- 
lite;  similarly  with  other  varieties  at  many  localities.  See  uralite,  p.  401.  Also  changed 
to  steatite,  serpentine,  etc. 

AOMITI].      ^GIRITE. 

Monoclinic.     Axes:  a:h:i  =  1-0996  :  1  :  0-6012;  /3  =  73°  11'. 

Twins:  tw.  pi.  a,  very  common;  crystals  often  polysynthetic,  with 
enclosed  twinning  lamellae.  Crystals  long  prismatic,  vertically  striated  or 
channeled :  acute  terminations  very  characteristic. 
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OTdtoat?  aemiu.  For  agiiiu,  ciyiUla  priamatfc  blDDllj  terml- 
Dateil:  iwius  iioi  couiiuon:  ul»u  In  f^roupa  or  tufts  of  alendcr 
■cicular  lo  capillary  cryslul*.  aud  ia  libruus  foriiiB. 

Cleavage:  m  distinct:  b  lees  so.  Fractnre  niieTen. 
Briltle.  H.  =  6-60.  G.  =  3-50-3-55  Bgr,  Lnater 
vitreons,  inoliiiiiig  to  resinous.  Streak  pale  vellowish 
gny.  Color  browiiisli  or  reddish  brown,  green;  in  tlie 
fracture  blackish  green.  Subtraof parent  to  opaque. 
Optically  — .  Ai.  pi.  |  b.  Bi,  Ai=  a  A  i  -  +•2^" 
acniiCe,  to  6"  eegirite.     /S,  =  rtJ08;  y  —  a—  0052. 

Var. — Includes  aemilt  \a  sbarp-iioliited  rryslals  (Ffg.  77S> 
ofleii  twlus.  Bjta  A  i  =  6J°-6°.  Alto  irgiriu  iFig.  I'att)  in 
crjaiala  bluntly  lerniinuttd,  twins  mre.  Bi,  A  i  =  ^°-8i°. 
CryslsiB  of  acmie  ofiea  alio w  a  mnrked  zuuarstniclnre, 
tirowQ  on  Die  exterior,  paniciilarly  \a.ti.ji  (I0I).  «  (III).  Tbe  bniWD 
portion  (acinitt)  ia  feebly  pleocbroic,  llie  green  (ffiginlej  slrougly  pleochroic.  BiHb  haTs 
abaorptton  a>b>c,  but  Ibe  funiier  lias  »  ligLt  brunu  niib  tinge  of  green,  i  greeu lab  yellow 
wilb  tinge  of  brown,  c  bromUh 
yellow;  llie  Inttcr  bas  a  deep  grass-  "^ 

green,  i  IlL'hIer  gmas-green,  i  yel- 
bwlBli  brown  to  yetlriWiSh. 

Witb  Slime  autbors  (vom  Rath, 
etc.)  t  =  (Oil)  itod  11  A  *  =  -  3* 
to  -  6",  as  In  Fig.  776a  Fig.  778 
sbows  the  opiicnl  orjciilaiion  ac- 
cording to  BrOgger. 


'  !%«  above  applies  to  c 
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^glrile. 


Coup.  —  Eesentially    NaFe  ,^_J^_  . 
{SiO.).orNa,O.Fe,0,.  4SiO.=  •*'T^^ 
Silica   53 '0,   iron    eesmiioxide 
'  34-6,  soda  13-4  =  100.  Ferrous 
iron  ia  also  present. 

Pyr.,  etc.— B.B.  fuaei  at  2  lo  a 
lustrous    black    magnetic  globule,  _ 

nnloring  Ibe    Same    deep  yellow  ; 
wllb  tbe  finxes  reacts  for  Iron  and  sometimes  mnDgan 

Diff— ^girite  is  cbaracierlzed  in  thin  sections  by 


Slightly  acted  upon  by  acids. 


chroism  in  tones  of  green  and  yellun;  tbe  small  extlnclfon 
I3islingiilBbed  from  commim  preeu  hornblende,  wilii  which  it  mi^ht  be  confouiided,  by 
Ibe  fnrt  that  In  auch  aectiona  tbe  direction  of  extinction  lying  near  tbe  cleavage  ia  iiega- 
live  (a),  while  ihu  same  dinction  in  hornblende  Is  positive  (c). 

Ob«.— The  original  armiU  occurs  at  Runilemvr,  east  of  the  little  lake  mlled  Rokeherg. 
akjern.  in  the  parish  of  Eker,  Dcnr  Eongsherg.  KorwHy,  in  n  pegmstile  vein;  it  ia  In  tleo- 
der  crTBtals,  sometimes  a  foot  long,  embedded  in  Teldxpar  and  quartz. 

jvgirile  occurs  especially  in  ^neous  rocks  rich  In  »odn  und  i^cnlalning  iron  :  tlus  in 
legi rile- granite,  npphelile-syenite,  and  some  varit-lles  of  phoanlite  ;  often  in  sucii  cnses 
Irou-orc  grnlus  nre  wauling  In  the  rock.  Ilieir  place  being  tiiken  by  leKJrite  crysisls.  Id 
the  sub-variety  of  pbonoljte  called  liuguatle.  the  rock  has  often  a  dei-p  precnish  color  due 
lo  tbe  abundance  of  minute  crystals  of  s^lrite.  Large  crystaN  are  founii  in  the  pe.cmatile 
faries  of  neplielile-syenltes  as  in  West  Greenland,  Southern  Norway,  the  peninsula  Kola 
in  Kussinu  Laplnnd,  DItro  In  Tnmsylvaiils. 

PromiMciil  Americim  occurrences  are  the  following;  Mngnet  Cove.  Arknnsxs  (large 
crystals):  Monircal:  Salem.  Mnsn  ;  Lilicrtyville.  N.  X.  (dike):  Tr.ins  Pecoa  disirirt  in 
Ti-iRs  (Osiinn):  Black  HilU:  Cripple  Creek,  Colomilo;  Bearpnw  Mts  and  Judtlb  His. 
(Pirsson),  and  the  Crazy  M(«.  (Wolft)  in  Montnii... 

ArmiU  Is  named  from  ateu'}.  point.  In  allusion  tu  tbe  pointed  extremiliea  of  Ibc  crystals; 
jBgiriU  is  from  ^Igir,  the  Icelandic  god  of  Ibe  sea. 
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TiiphBDe. 

Monoclinic.     Axes:  a:h:6=  1-1238  :  1 :  0-6355;  /S  =  69'  40'. 

Twins:  tw.  pi.  a.  Crystals  priematic  {mm'"  =  93° 0'), of teu  flattened  \a; 
the  vertictkl  planes  striated  and  borrowed;  crystals  eometimes  very  large. 
Also  massive,  cleaTable. 

Cleavage:  m  perfect.  A  lamellar  strncture  |  a  sometimes  very  prominent, 
a  crystal  then  separating  into 
thin  plates.  Fracture  nneveo 
to  snbconchoidal.  Brittle.  H. 
=  6-5-7.  G.  =  3-13-3-20.  Lus- 
ter vitreous,  on  cleavage  sur- 
faces suraewfaat  pearly.  Color 
greeDish  white,  grayish  white, 
yellowish  green,  emerald -green, 
yellow,  amethystine  purple. 
Streak  white.  Transparent  to 
translucent.  Pieochroism  strong 
in  deep  green  varieties.  Opti- 
cally +.  Ax.  pi.  I  b.  Bx.  A  i 
=  -f  26°  Di.,  ^  24°  to  254° 
Greim.  Dispersion  p>  v,  hori- 
zontal.    2Ht,  =  64°  58^';  fi,  =  16 


Norwich.  HusB. 


Comp LiAl(SiO,),  or  Li,O.Al,0,.4SiO,  =  Silica  64  5,  alnmina  27-4,  lithia 

8-4  =:  100.  Generally  contains  a  little  sodium;  the  variety  hiddenite  also 
chromium,  to  which  the  color  may  be  due. 

Pyx.,  otc. — B.B.  becomes  white  sud  opnque,  hwcHb  up.  Imparls  a  purple-red  color 
<lithin)  t'l  tlie  flii'iie,  sd<1  Fusee  at  86  to  a  clexr  or  white  gisss.  Tbe  powdered  ailDeral. 
fiiacil  with  B  mix  ure  of  nolsBsiiim  bUulphale  oud  fluoTJte  od  platinum  wire,  gives  a  mor» 
Intense  litljia  reaction.     Not  acted  upon  by  acids. 

Diff — Characterized  bj  ItB  perfect  orthixllHgonnl  parting  (in  aome  variellet)  as  well  m 
by  pTiHmatic  cli-avage;  bos  a  higher  speciflc  gruvlly  and  more  pearly  luster  than  feldspar 
or  acapolite.     Olvm  a  red  flame  B.B,     Less  fusible  than  amblygoulie. 

Oba.— Occiira  an  the  Island  «f  Uts.  Sweden;  lit  Killiiiey  Bay,  Ireland;  In  small  trans- 
parent crysliilg  of  a  paleytllow  fu  Bmzll,  province  of  Minns' GeniCs. 

In  the  U.  S  ,  in  granite  nt  Oiv-hen.  Mass.;  nlw)  al  ClieBterllehl,  Chesler,  HuoticgtOD 
<tormerly  Norwich),  and  Sierllng.  Mass.;  at  Windhnm.  Maine,  wilh  gnnict  and  siaiirolile; 
at  Peru,  wilh  beryl,  tiiphylile,  pelatite.  In  Conn.,  at  Itrnnchville.  the  cryetids  often  of 
iiiiraenseslze;  near  Stony  Point,  Aleianrter  Co.,  N.  C.  {hidtUmU):  in  South  Dakota  at  the 
Etta  till  mine  In  Peuulngton  Co. 

The  name  spitdiimcne  is  from  triroSioi,  aih-eolored.  HiddemU  U  named  for  W.  E. 
Hidilen  of  New  York. 

The  B|in(Iuiiiene  nt  Qoaben  and  ChestenBeld  In  extensively  altered;  pscudomotphs  orcnr 
of  cymaloliie  (an  Intimate  mixluiv  of  nlbile  and  muscovlte  wilU  wavy  fibrous  slriiclnre  and 
silky  luaier),  kllllnlte  (pluite).  muBcovite,  albltp.  qunrlz,  and  of  "vein  granite."  Sindlar 
a ilerallon- product!  occur  at  Branchville. 

JADEITB. 

Monoclinic.  Axes,  see  p.  383.  Cleavage  and  opti<;al  churactt^rs  like  pvrux- 
ene.  Usually  massive,  witn  crystalline  utructurf,  sonictinies  granular,  also 
obscurely  columnar,  fibrous  foliated  to  closely  compact. 

Cleavaec;  prisiiiiitin.  at  jiiiglps  of  about  03"  and  87°;  also  orthntliagonal. 
difficult.  Fracture  splintery.  Extremely  tou<;li.  11.  =  6-5^7.  G  =3-33- 
3-35.     Luster  subvitreous,  pearly  on  surfu'iree  of  cleavage.     Color  apple-greon 
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to  nearly  emerald-green,  bluish  green,  leek-green,  greenish  white,  and  nearly 
white;  sometimes  white  with  spots  of  bright  green.  Optically  biaxial,  neg- 
ative. Bx^  A  i=  30°  to  40°,  2H.^  =  82°  48'.  Streak  uucolored.  Trans- 
lucent to  sub  translucent. 

Comp. — Essentially  a  metasilicate  of  sodium  and  aluminium  corresponding 
to  spodumene,  NaAl(SiO,),  or  Xa,O.Al,0,.4SiO,  =  Silica  59*4,  alumina  25*2, 
soda  15-4  =  100. 

Chloromelanite  is  a  dark  greeQ  to  nearly  black  kind  of  jadeito  (heuce  the  uame),  contaiu- 
ing  iron  sesquioxide  and  iioi  conforming  exactly  to  the  above  formula. 

Pyr.,  etc.— B.B.  fuses  re;idil\'  lo  a  iransparent  blebby  glass.  Not  attacked  by  acids 
after  fusion,  and  thus  differing  from  saussurite. 

Obs. — Occurs  chiefly  in  eastern  Asia,  thus  in  the  Mogoung  dislr.  in  Upper  Burma,  in  a 
Yallcv  25  miles  souihwest  of  3Ieinkhoom,  iu  roiled  masses ui  a  reddish  clay;  in  Yungchang, 
province  of  Yunnan,  southern  China;  in  Thibet.  Much  uncertainty  prevails,  however,  as 
to  the  exact  localilies,  since  iadeite  and  i:ephrite  have  usually  been  confounded  together. 
Hay  occur  also  on  the  American  continent,  in  Mexico  and  South  America  ;  perhaps  also  iu 
Europe. 

Jadcite  has  long  been  highly  prized  in  the  East,  especialljr  in  China,  where  it  is  worke<i 
into  ornaments  and  utensils  of  great  variety  and  beauty.  It  Is  also  found  with  the  relics  of 
early  man,  thus  in  the  remains  of  the  lake-dwellers  of  Switzerland,  at  various  points  in 
France,  in  Mexico,  Greece.  Egypt,  and  Asia  Minor. 

A  pyroxene,  resembling  jadeite  in  structure  and  consisting  of  the  molecules  of  jadeite, 
diopside,  and  acmite  iu  nearly  equal  proportions,  occurs  at  the  manganese  mines  of  St. 
Marcel,  Italy  (Peufield). 

Jade  is  a  general  term  used  to  include  various  mineral  substances  of  tough  compact 
texture  and  nearly  white  to  dark  green  color  used  by  early  man  for  utensils  and  ornaments, 
and  still  highly  valued  in  the  East,  especially  in  China.  It  includes  proi)er1y  two  species 
only;  nephrite^  a  variety  of  amphibole  (p.  401),  either  tremolite  or  actinolite,  with 
G.  =  2 '95-3*0.  tiu^  jadeite,  of  the  pyroxene  group  and  in  composition  a  soda-spodumene, 
with  G.  =  3-3-3-35;  easily  fusible. 

The  jade  of  China  belongs  to  both  species,  so  also  that  of  the  Swiss  lake-habitations  and 
of  Mexico.  Of  the  two,  however,  the  former,  nephrite,  is  the  more  common  and  makes  the 
jade  (ax  stone  or  Pimamu  stone)  of  the  Maoris  of  New  Zealand:  also  foun-1  in  Alaska. 

The  name  jade  is  also  sometimes  loosely  used  to  embrace  other  minerals  of  more  or  less 
similar  characters,  and  which  have  been  or  might  be  similarly  used — tluis  sillimanite,  pec- 
tolite,  serpentine;  also  vesuvianite.  garnet.  Boweuite  is  a  jade  like  variety  of  serpentine. 
The  "  jade  lenace  "  of  de  Saussure  is  now  called  saussurite. 


WOLLASTONTTI].     Tabular  Spar.     Tafelspath  Qerm, 
Monoclinic.     Axes  a:l  \i=  10531  : 1  :  0-9676;  /?  =  84°  30'. 
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turn  ",  110  A  110  =  02*  42*. 
M",  540  A  540  =  79"  58'. 
gst,  on  A  Oil  =  87'  61'. 
c«,  001  A  101  =  40"  y. 
cr,  001  A  SOl  =  74*  59'. 
et,        001  A  101  =  45"    5'. 

Twins:  tw.pl.  a.  Crys- 
tals commonly  tabular  y  a 
or  c;  also  short  prismatic. 
Usually  cleavable  massive  to  fibrous,  fibers  parallel  or  reticulated;  also  com- 
pact. 

Cleavage:  a  perfect;  also  c;  t  (lOl)  less  so.  Fracture  uneven.  Brittle. 
H.  =  4*5-5.  G.  =  2*8-2 -9.  Luster  vitreous,  on  cleavage  surfaces  pearly. 
Color  white,  inclining  to  grav,  yellow,  red,  or  brown.  Streak  white.  Sub- 
transparent  to  translucent.     Optically  — .     Bx,,  A  ^  =  +  37°  40'.    Dispersion 


a 
Santorin. 
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p  >  V   weak;    inclined  strong.     Ax.  pi.  1  h.      2Er  =  70°   40';    /?  =  1*633; 
^  -  a  =  0-014. 

Coinp. — Calcium  metasilicate,  CaSiO,  or  CaO.SiO,  =  Silica  51-7,  lime  48*3, 
=  100. 

Pyr.,  etc. — In  the  matrass  no  change.  B.B.  fuses  easily  on  the  edges;  with  some  soda, 
a  blebby  glass;  with  more,  swells  up  and  is  infusible.  Wilh  hydrochloric  acid  dccum- 
po8ed  wilh  separation  of  silica;  most  varieties  effervesce  slightly  from  the  presence  of  cal- 
cite.     Often  phosphoresces. 

Obs. — Wolhisiouite  is  found  especially  in  gianular  limestone,  and  in  regions  of  grar.ite, 
as  a  contact  formation;  also  in  ejected  masses  in  connection  with  basalt  and  lavas.  It  is 
often  associated  with  a  lime  garnet,  diopside.  etc. 

Occurs  in  the  copper  mines  of  Cziitlowa  in  the  Bannt;  at  Orawitza;  at  Dognaczkaand 
Nagyag;  nt  Pargas  in  Finland;  at  Harzburg  in  the  Harz;  at  Auerbach,  in  granular  lime- 
stone; lit  Vesuvius,  rarely  in  fine  crystals;  on  Elba;  on  Santoriu. 

In  the  U.  S..  in  N,  York,  at  Willsborough;  Diana.  Lewis  Co.;  Bonaparte  Lake,  Lewis 
Co.  In  Penn.,  Bucks  Co.,  8  m.  w.  of  Attleboro'.  In  Canada,  at  Grenville;  at  St.  J^r6me 
and  Moriu,  Quebec,  with  apatite. 

Named  after  the  English  chemist,  W.  H.  Wollaston  (1766-1828). 

PEOTOUTE. 

Monoclinic.     Axes:  &:h:i=  1-1140  :  1  :  0-9864;  /?  =  84°  40'. 

Commonly  in  close  aggregations  of  acicular  crystals;  elongated  ||  t,  but 
rarely  terminated.     Fibrous  massive^  radiated  to  stellate. 

Cleavage:  a  perfect;  c  also  perfect.  Fracture  uneven.  Brittle.  H.  =  5. 
G.  =  2-68-2'78.  Luster  of  the  surface  of  fracture  silky  or  subvitreous.  Color 
whitish  or  grayish.  Subtranslucent  to  opaque.  Optically  -f-  Ax.  pi.  and 
Bx^±b;  Bxo  nearly  J. a;  2Ho  =  143°-145^ 

Comp.,  Tan— HNaCa,(SiO.),  or  H,O.Na,0.4Ca0.6SiO,  =  Silica  542,  lime 
33-8,  soda  9*3,  water  2-7  =  100. 

Pectolite  is  sometimes  classed  with  the  hydrous  species  allied  to  the  zeolites. 

P3rr.,  etc. — In  the  closed  tube  yields  water.  B.B.  fuses  at  2  to  a  white  enamel.  De- 
composed in  part  by  hydrochloric  acid  with  separation  of  silica  as  a  jelly.  Often  gives  out 
light  when  broken  in  the  dark. 

Obs.— Occurs  mostly  in  basic  eruptive  rocks,  in  cavities  or  seams;  occasionally  in 
metamorphic  rocks.  Found  in  Scotland  near  Edinburgh;  at  Kilsyth,  Corstorph in e  Hill 
(icalkeriU);  I.  Skye.  Also  at  Mt.  Baldo  and  Mt.  Monzoni  in  the  Tyrol;  at  Niederkirchen, 
Bavaria  (oamelite). 

Occurs  also  at  Bergen  Hill  and  Paterson,  N.  J.;  Lehigh  Co.,  Penn.;  compact  at  Isle 
Roynle,  L.  Superior;  at  Magnet  Cove,  Ark.,  in  elaeolite-syenite  {mangafipeetoliie yrixh  4  p.  c. 
MnO);  compact,  massive  in  Alaska,  where  used,  like  jade,  for  implements. 

Rosenbnschite.     Near  pectolite,  but  contains  zirconium.     From  Norway. 

Wfihlerite  A  zirconium-silicate  and  niobatc  of  Ca,  Na,  etc.  In  prismatic,  tabular 
crystals,  yellow  to  brown.  Occurs  in  elceolite-syenite,  on  several  islands  of  the  Langesund 
fiord,  nciir  Brevik,  in  Norway. 

Lavenite  A  complex  zirconium-silicate  of  Mn.  Ca,  etc.,  containing  also  F,  Ti,  Tn, 
etc.  In  yellow  to  brown  prismatic  crystals.  Found  on  the  island  L&ven  In  the  Langesund 
fiord,  southern  Norway;  also  elsewhere  in  eloeolite-syenite. 

y.  Triclinic  Section. 

RHODONITE. 

Triclinic.  Axes  d:l:t=^  10T285  :  1  :  0-6213;  a  =  103"  18';  /?  =  108** 
44';  y  =  81°  39'. 

Crystals  usually  largre  and  rough  with  rounded  edges.  Commonly  tabular 
\  c;  sometimes  resembline  pyroxene  in  habit.  Commonly .  massive,  cleavable 
to  compact;  also  in  embedded  grains. 
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Cleavage:  m,  ^perfect;  (;  less  perfect.  Fracture  conchoidal  to  uneven; 
very  tough  when  compact.  H.  =  5'5-65.  G.  =  o-4-3'68.  Luster  vitreous; 
on  cleavage-surfaces  somewhat  pearly.  Color  light  brownish  red,  flesh-red, 
rose-pink;  sometimes  e^reenish  or  yellowish,  when  impure;  often  black  outside 
from  exposure.     Streak  white.     Transparent  to  translucent. 

Coinp.,  Tar. — Manganese  metasilicate,  MnSiO,  or  MuO.SiO,  =  Silica  45*9, 
manganese  protoxide  54*1  =  100.  Iron,  calcium  (in  bustamite),  and  occasion- 
ally zinc  (in  fowler  He)  replace  part  of  the  manganese. 


782. 


783. 


784. 


W  26'. 

mM,   110  A  110  =  92'  28,' 

72"  861'. 

en,     001  A  221  =  73°  52'. 

tS''  421'. 

ek.     001  A  221  =  62°  28'. 

48"  33'. 

kn,     221  A  221  =  86°  5'. 

Frankliu  Furnace,  N.  J. 

ab,    100  A  010  : 
ae,    100  A  001  : 
be,    010  A  001 
am,  100  A  110  : 

P3rr.,  etc. — B.B.  blackens  and  fuses  with  slight  intumescence  at  2*5;  with  the  fluxes 
gives  reactions  for  manganese;  fowlerite  gives  witu  soda  on  charcoal  a  reaciion  fur  zinc 
Slightly  acted  upon  by  acids.  The  calciferous  varieties  often  effervesce  from  mechanical 
admixture  of  calcium  carbonate.  In  powder,  partly  dissolves  in  hydrochloric  acid,  and 
the  insoluble  part  l)ecomes  of  a  white  color.  Darkens  on  exposure  to  the  air,  and  some- 
times becomes  nearly  black. 

Diff. — Characterized  by  its  pink  color;  distinct  cleavages;  fusibility  and  manganese 
reactions  B.B. 

Obs. — Occurs  at  L&ogban,  Wermland,  Sweden,  in  iron-ore  beds,  in  broad  cleavage- 
plates,  and  also  granular  massive;  iit  the  Pajsberg  iron  mines  near  Filipstad  (paiibergite) 
sometimes  in  small  brilliant  crystals;  in  the  district  of  Kkaterinburg  in  the  Ural  massive 
like  marble,  whence  it  is  obtained  for  ornamental  purposes;  with  tetrahedrite  at  Kapnik 
and  Rezbanya.  Uungury;  St.  Marcel,  Piedmont;  ^exivo  {bftstamite,  containing  CaO). 

Occurs  in  Oummiugton,  Mass.;  on  Osgood's  farm.  Blue  Hill  Bay,  Maine;  fofclerite  (con- 
taining ZnO)  ut  Mine  Hill.  Fmnklin  Furnace,  and  Sterling  Hill,  near  Ogdensburgh,  N.  J., 
usually  embedded  in  culcite  and  sonietinies  in  fine  crystals. 

Named  from  ^oSov,  a  roM,  in  allusion  to  the  color. 

Rhodonite  is  often  altered  chietly  by  oxidation  of  the  MnO  (as  in  maresline,  dpttsnite); 
also  by  hydration  (atraiopeite,  not'mte,  etc.);  further  by  introduction  of  COf  (alhigit^^ 
photieite,  etc  ). 

Babingtonite.  (Ca.Fe  Mn)SiO,  with  Fe^^SiOs)!.  In  small  black  triclinic  crystals,  near 
rhodonite  in  angle  (axes  on  p.  383).  H.  =  5-5-6.  G.  =  3-35-3'37.  From  Arendal,  Nor- 
way; at  Herbornseelbach.  Nassau;  at  Baveno,  Italy. 

Hiortdahlite.  Essentially  (Na3,Ca)( Si. Zr)09,  with  also  fluorine.  In  pale  yellow  tab- 
ular crystals  (triclinic).  Occurs  sparingly  on  an  island  in  the  Langesund  flora,  soathem 
Norway. 
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3.  Amphibole  Group. 

Orthorhombic,  Monoclinic^  Triclinic. 

Composition  for  the  most  part  that  of  a  metasilicate^  KSiO,,  with  B  = 
Ga,Mg^Fe  chiefly^  also  MuyNa.(E.),H,.  Further  often  containing  aluminium 
and  ferric  iron,  in  part  with  alkalies  as  NaAl(SiO,),  or  NaFe(SiOJ, ;  perhaps 

also  containing  KK,SiO«. 

CL  OrtharhomlHc  Section. 

AnthophyUite  (Mg,Fe)SiO,  0-5138 :  1 

Gbdritb  (Mg,Fe)SiO,  with  (Mg,Fe)Al,SiO. 

ft.  Manodinic  Section. 

a  :h  :  i  /3 

Amphibole  0-5511  :  1  :  0-2938        73**  58' 

I.   NONALUMINOUa  VARIETIES, 

1.  Tremolitb  CaMg,(SiO,)^ 

2.  AcTiNOLiTE  Ca(Mg,Fe),(SiO,), 

Nephrite,  Asbestus^Smaragdite,  etc. 
Cumraingtonite        (Fe,Mg)SiO, 
Dannemorite  (Fe,Mn,Mg)SiO, 

Griinerite  FeSiO, 

3.  RiCHTEBiTE  (K„Na,Mg,Ca,Mn).(SiO,), 
II.  Aluminous  Varieties. 

4.  Hornblende 

SrSte  and  \  ^^'^^^  Ca(Mg,Fe).(SiO.),  with 

CoEn  Hornblende  (  Na.Al,(SiO.).  and  (Mg,Fe).(Al,Fe).Si.O„ 

Glaucophane  NaAl(SiO,),.(Fe,Mg)SiO. 

a  :o  :  6  fi 

Eiebeckite  2NaFe(SiO.),.FeSiO, 0*5475  :  1  :  02925  =  76**  10* 

CrocidoUte  NaFe(SiO.),.FeSiO. 

ArfvedBonite  Na,(Ca,Mg).(Fe,Mn),.(Al,Fe),Si,,0„ 

0-5509  ;  1  :  02378  =  73*    V 

y.  Triclinic  Section* 

JEnigmatite. 

The  only  species  included  under  the  triclinic  section  is  the  rare  and  im- 
penfectly  known  asnigmatite  (cossyrite). 

The  Amphibole  Group  embraces  a  number  of  species  which,  while  falling 
in  differient  systems,  are  yet  closely  related  in  form — as  shown  in  the  common 
prismatic  cleavage  of  54°  to  56° — also  in  optical  characters  and  chemical  com- 
position. As  already  noted  (see  p.  383),  the  species  of  this  group  form  chem- 
ically a  series  parallel  to  that  of  the  closely  allied  Pyroxene  Group,  and  between 
them  there  is  a  close  relationship  in  crystalline  form  and  other  characters. 
The  Amphibole  Group,  however,  is  less  fully  developed,  including  fewer 
species,  and  those  known  show  less  variety  in  form. 
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The  chief  dutinetiom  between  pyroxeDe  and  amphiboie  proper  are  the  following : 

Prismatic  angle  with  pyroxene  ^V  and  9b';  with  aniphibole  o^'  and  124";  the  prismatic 
cleavage  being  much  more  distinct  in  the  lutter 

With  pyroxene,  cr^'stals  usually  short  prismatic  and  often  complex,  structure  of  massive 
kinds  mostly  lamellar  or  granular  :  with  aniphibole,  crysiails  chietiy  long  prismatic  and 
simple,  columnar  and  fibrous  massive  kinds  the  rule. 

The  specific  n^vity  of  most  of  the  pyroxene  varieties  is  higher  than  of  the  like  varieties 
of  amphibole.  In  composition  of  corresponding  kmds,  magnesium  is  present  in  larger 
amount  in  amphibole  (C-a  :  Mg  =  1  :  1  in  dioi^side,  =  1  '.'6  m  tremoliie) ;  alkalies  more 
frequently  play  a  prominent  part  in  amphibole. 

The  optical  relations  of  the  prominent  members  of  the  group,  as  regards 
the  position  of  the  ether-axes,  is  exhibited  bv  the  following  figures  (Cross); 
compare  Fig.  751,  p.  384,  for  a  similar  representation  for  the  corresponding 
members  of  the  pyroxene  group. 

786. 
L  IL  IIL  IV.  V.  VL 


L  Anthophyllite.        II    Glaucophane.      III.  Tremolite,  etc.      IV.  Hornblende. 

V.  Arfvedsouite.        VI.  Riebeckite. 


a,  Oi'thorhoinbic  Section. 
ANTHOPHYLLITE. 

Orthorhombic.  Axial  ratio  ^  :  5  =  0*5137  :  1.  Crystals  rare,  habit  pris- 
matic {mm'"  =  54°  ti3).  Commonly  lamellar,  or  fibrous  massive;  filers  often 
very  slender;  in  aggregations  of  prisms. 

Cleavage:  prismatic,  perfect;  ^less  so;  'a  sometimes  distinct.  H.  =  5*5-6. 
O.  =  3 •1-3*2.  Luster  vitreous,  somewhat  pearly  on  the  cleavage-face.  Color 
brownish  gray,  yellowish  brown,  clove-brown,  brownish  green,  emei  aid -green, 
sometimes  metalloidal.  Streak  uncolored  or  grayish.  Transparent  to  sub- 
translucent.  Sometimes  pleochroic.  Usually  optically  -f  ;  also  +  for  red,^ 
—  for  yellow,  green.  Ax.  pi.  always  ||  b.  Bx^  usually  J_  c;  also  J_  c  for  red,  J.  a 
for  yellow,  green.     Axial  angle  large.     /3  =  rG42  ;  y  —  a  =  U024.  ^. 

Comp.,  Var. — (Mg,Fe)Si03,  correspond incj  to  enstatite-bronzite-hypersthene* 
in    the   pyroxene   group.     Aluminium  is  sometimes   present  in  considerable ( 
amount.     There  is  the  same  relation  in  optical  character  between  anthophyl- 
lite (+)  and  gedrite  (  — )  as  between  enstatite  and  hypersthene  (cf.  Figs.  753, 
754,  p.  3H5). 

Var.—ANTnopiiYLLiTE,  Mg  :  Fe  =  4  :  1,  8  :  1,  etc.  For  8  : 1,  the  percentnpe  composi- 
tion is :  Silicii  55*6.  iron  protoxide  16*6,  magnesia  27*8  =  100.  Aiithnphyllite  sonie- 
timeR  occurs  in  forms  resembling  asbestus. 

AluminouM,  Gkdritk.  Iron  is  present  in  larger  amount,  and  also  aluminium;  it  hence 
corresponds  nearly  to  a  1iy]>erstbene,  some  varieties  of  which  are  highly  aluminous. 

Hydrous  anthaphylliies  liave  l>e<*n  repeatedly  described,  but  in  moi>t  cases  they  have  been 
shown  to  be  hyd rated  monoolinic  amphiboles. 

Pyr,  etc. — B.B.  fuses  with  difficulty  to  a  black  magnetic  enamel ;  with  the  fluxes  gives 
reactions  for  iron;  imacied  upon  by  acids. 

Obs — Anthophyllite  occurs  in  ndca  schist  near  Kongsbercr  in  Norwav;  at  HermaQn- 
schlng.  Moravia.    In  the  U.  S..  at  the  Jenks  corundum  mine,  Franklin.  Macon  Co.,  N.  O. 


The  original  gidrile  !s  from  the  Talley  o(  H6bh.  near  Oidres,  France.     Named  from  an(A»> 
pliyUum,  ebne.  Id  nllusloo  to  the  clovebrowo  color. 

p.  MonocliHic  Sedimu 
AMPHZBOLB.         Hornbleiiile 

Monoclinic.    Axea  d  :  ^  :  <i  ^-  0  5511  ■.  1  :  0-2938;  (i  =  73°  58'. 
mm-.  1 10  A  liO  =  55°  AV.  rr'.  Oil  A  OH  ~  31°  33". 

ea.        001  A  100  =  73°  68'.  ii.    081  A  OSl  =  80°  33". 

cp,        001  A  iOl  =  31°  O-.  pr.  101  A  Oil  =  34"  25'. 

Twins:  (I)  tw,  pi- n,  common  as  contact-twina;  rarely  polysynthetic.  (2) 
c,  as  tw.  lainellie,  occasioniilly  prodacing  a  parting  analogous  to  tbut  more 
common  with  pyroxene  (Fig.  430,  p.  131).  Crystals  commonly  prismatic; 
usually  terminated  by  the  low  clinodome,  r  (Oil),  sometimes  by  r  and  p  (lOl) 
equally  developed  and  then  suggesting  rhombohedral  forms  (as of  tourmaliae). 
786.  7B8.  789.  79a 


A' 

Ft^ 

^ 

787. 
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favi„  «  a/ 

Also  columnar  or  fibrons,  coarse  or  fine,  fibers  often  like  flax;  rarely  lamellar; 
also  granular  massive,  coarse  or  fine,  and  usually  strongly  coherent,  bnt  some- 
times friable. 

Cleavage:  m  highly  perfect;  a,  b  sometimes  distinct.  Fracture  sabcoo- 
ehoidal,  uneven.  Brittle.  H.  ~  5-6.  G.  =  2-9-3-4,  varying  with  the  com- 
position. Luster  vitreoiia  to  pearly  on  cJ eavage- faces ;  fibrous  varieties  oflen 
silky.  Color  between  black  and  white,  through  vanoiis  sli;ides  of  green,  inclin- 
ing to  blackish  green;  also  dark  brown;  rarely  yellow,  pink,  rose-red.  Streak 
uncolored,  or  paler  than  color.  Sometimes  nearly  transparent;  usually  sub- 
trannlucent  to  opaque. 

Pleochroism  strongly  marked  in  all  the  deeply  colored  varieties,  as  described 
beyond.  Absorption  usually  c  >  b  >  Q.  Optically  -  ,  rarely  -f-  Ax,  pi.  ||  b. 
Extinction-angle  on  i,  or  c  A  (^  =  +  15°  to  18°  in  most  ciises,  bnt  varying  from 
about  1°  up  to  37°;  hence  also  Bx,  A  ^  =  —  75°  to  —  72°,  etc.  Sec  Fig. 
791.     Dispersion  p  <  v.     Axial  angles  variable;  see  beyond. 

Comp.,  Tar. — In  part  a  normid  metasilicate  of  calcium  and  magnesium, 
R.SiO„  usually  with  iron,  also  manganese,  and  thus  in  general  analogous  to  the 
pyroxenes.  The  alkali  metals,  sodium  and  potassium,  also  present,  and  more 
commonly  so  than  with  pyroxene.  In  part  also  aluminous,  corresponding  to 
the  aluminous  pyroxenes.  Titaninin  sometimes  is  present  and  also  rarely 
fluorine  in  small  amount. 

Tbe  aliintlnium  is  in  piirt  preaenl  as  NaAKSlOi),,  but  man;  nmphiboles  contain  ins 
alumlulum  or  ferric  irou  are  more  bade  tlian  n  normal  metasilicate;  tbey  mnj  sometiiites  Iw 

explained  as  containing  K(A1,F«)tSiOi,  but  the  exact  nature  of  the  compound  Is  often 
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doubtful.    The  amphibole  formulas  are  iu  many  cases  double  the  correspondiug  ones  for 

f^yrozene.     Thus,  for  most  tremoliie  and  actiuoiile,  Cu  :  Mg(Fe)  =  1:8,  and  heuce  tremo- 
ite  is  CaMgsSi«Oi,,  while  diopside  is  CaMg8i,0,.  etc. 

Rammelsberg  has  k>howu  that  the  composition  of  most  ahimiuous  amphiboles  may  be 
expressed  iu  the  general  form  tAKSiOa.riAUOs;  while  8i:harizer,  mo<litynig  this  view, 
proposes  to  regard  the  amphiboles  as  molecular  conii)ouD(is  cf  Ca(Mg.Fe  sSi40ia  (actiuo- 

t       It      in 


lite),  and  the  orthosilicate  (Rt.K)sK9Si9iOi«.  for  which  he  uses  Breithaupt's  name  ^yntag- 
maiite,  originally  given  to  the  Vesuvian  hornblende. 


791. 


791a. 


«-5«» 


a-Bx. 


The  crvstallograpbic  position  here  adopted  is  that  suggested  by  Tscbermnk,  which  best 
exhibits  the  relation  between  amphibole  and  pyroxene.  Some  authors  retain  the  former 
position,  according  to  which  p  =  (001),  r  =  (111),  etc.  Fig.  791a  shows  the  correspondiog 
optical  orientation. 

I.  Containing  little  or  no  Aluminium, 

1.  Tbemolite.  Granimatite,  nephrite  pt.  Calcium-magyiesium  ampjiihole. 
Formula  CaMg,(SiOJ,  =  Silica  57-7,  magnesia  28*9,  lime  13-4  =  100.  Ferrous 
iron,  replacing  the  magnesium,  present  only  sparingly,  up  to  3  p.  c.  Colors 
white  to  dark  gray.  In  distinct  crystals,  either  long-bladed  or  short  and  stout. 
In  aggregates  long  and  thin  columnar,  or  fibrous;  also  compact  granular  mas- 
sive (nephrite,  p.  401).  G.  =  2'9-3'l.  Sometimes  transparent  and  colorless. 
Optically  — .  Extinction-angle  on  d,  or  c  A  <i  =  +  16**  to  18°,  hence  Bx^  A  i 
=  -  74^^  to  -  72^     2Vy  =  80°  to  88°.     fij  =  1*621 ;  ^  -  «  =  0  027. 

Tromolite  was  named  by  Pini  from  the  Tremola  valley  od  the  south  side  of  the  St 
Gothard. 

2.  AcTiNOLiTB.  Strahlstein  Germ.  Calcium-magnesium-iron  amphibole. 
Formula  Ca(Mg,Fe),(SiOJ».  Color  bright  green  and  grayish  green.  In  crystals, 
either  short-  or  long-bladed,  as  in  tremolite;  columnar  or  fibrous;  granular 
massive.  G.  =  3-3*2.  Sometimes  transparent.  The  variety  in  long  bright- 
green  crystals  is  cailei  glassy  act i7wl ite;  the  crystals  break  easily  across  the 
prism.  The  fibrous  and  radiated  kinds  are  often  called  asbesfiform  actinolite 
and  radiated  actinolite.  Actinolite  owes  its  green  color  to  the  ferrous  iron 
present. 

Pleochroism  distinct,  increasing  as  the  amount  of  iron  increases,  and  henoe 
the  color  becomes  darker:  c  emerald- ^noen,  b  yellow -green,  a  greenish  yellow. 
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Absorption  c  >  b  >  a  Zillertlial,  Tschermak.  Optically  — .  Extinction- angle 
on  Z»,  c  A  ^  =  4- 15°  and  Bx.  Ai=  -  75^  2Vy  =  80";  p<v;  fij  =  1-627; 
y  ^  a=:  0025. 

Named  acliDolite  from  aKriy,  a  ray,  and  XiQoi,  Btont,  a  trauslation  of  the  German 
JStrahlsttin  or  radiated  atont.    Name  chuuged  to  actinoie  by  HnUy,  without  reason. 

Nbphbitb.  Jude  pt.  A  tougb,  compact,  fiuegmined  treinolite  (or  uctiuolite),  breaking 
with  a  spliutery  fracture  aud  glistening  luster.  H.  =  6-6  5.  G.  =  2'96-3*l.  Named  from 
a  supposed  efficacy  in  diseases  of  the  kidney,  from  y€<f>fjd^,  kidney.  It  varies  in  color  from 
while  itremoliie)  to  dark  green  (uctiuolite),  in  the  latter  iron  protoxide  Iveing  present  up  to 
6  or  7  p.  c.  The  latter  kind  sometimes  encloses  djstiuct  prismatic  crystals  of  actinolite.  A 
iieri^atiou  from  an  original  pyroxenic  mineral  has  been  suggested  in  some  cises.  Nephrite 
or  jaide  was  brought  in  the  form  of  carved  ornaments  from  Mexico  or  Peru  soon  after  the 
discovery  of  America.  A  similar  stone  comes  from  Eastern  Asia,  New  Zealand  and  Alaska 
See  jadeile.  p.  393;  jade,  p.  3W. 

AsBESTUS.  Asbestos.  Asbest  Germ.  Tremolite,  actinolite,  and  other  varieties  of 
amphibole,  excepting  those  containing  much  alumina,  pass  into  fibrous  varieties,  the  fibers 
of  which  are  sometimes  very  long,  fine,  flexible,  and  easily  separable  by  the  fingers,  and 
look  like  flax.  These  kinds  are  called  aibtstue  (fr.  the  Gieek  for  incombustible).  The  colors 
vary  from  white  to  green  and  wood-brown.  The  name  amianthus  is  applied  usually  to  the 
finer  and  more  silky  kinds.  Much  that  is  popularly  called  asbestus  is  e/irysotile,  or  fibrous 
serpentine,  containing  13  to  14  p.  c.  of  water.     Byssohte  is  a  stiff  fibrous  variety. 

Mountain  leather  is  in  thin  flexible  sheets,  made  of  interlaced  fibers;  and  mountain  cork 
the  same  in  thicker  pieces:  both  are  so  light  as  to  float  on  water,  and  they  are  often  hydrous, 
color  white  to  gniy  or  yellowish.  Mountain  uood  is  compact  fibrous,  and  gray  to  brown  in 
color,  looking  a  little  like  dry  wood. 

Smaragditb.  a  thin-foiiuted  variety  of  amphibole,  near  nctinolite  in  composition  but 
currying  some  alumina.  It  has  a  light  grass-green  color,  resembling  much  comn  on  green 
dialfage.  In  many  cases^derived  from  pyroxene  (diallage)  by  uiiilitization,  see  below.  It 
retajns  much  of  the  structure  of  the  diallage  and  also  often  encloses  remnants  of  the  original 
mineral.  It  forms,  along  with  whitish  or  greenish  saussurite,  a  rock  called  Fnussurite- 
gabbro.  the  euphotide  of  the  Alps.  The  original  mineral  is  from  Corsica,  and  the  rock  Is 
the  verde  di  Corsica  duro  of  the  arts. 

Uralitb.  Pyroxene  altered  to  amphibole.  The  crystals,  when  distinct,  retain  the 
form  of  the  original  mineral,  but  have  the  cleavage  of  amphibole.  The  change  usually 
commences  on  the  surface,  transforming  the  outer  layer  into  an  aggregtition  of  Bleiw^er 
amphibole  prisms,  parallel  in  position  to  each  other  and  to  the  pnreqt  pyroxeoi!  (cf.  Fig. 
760,  p.  886).  When  the  change  is  complete  the  entire  crystal  is  made  up  of  a  bundle  of 
amphibole  needles  or  fibers.  The  color  varies  from  white  (tremolile)  to  pale  or  deep  green, 
the  latter  the  more  common.  In  composition  uralite  appears  to  conform  nearly  to  ac  tinolite, 
as  also  ill  optical  characters.  The  most  prominent  change  in  composition  in  passing  from 
the  original  pyroxene  is  that  corresponding  to  the  difference  existing  between  the  two  spet  ies 
in  general,  that  is.  an  increase  in  the  magnesium  and  decrease  in  calcium.  The  change, 
therefore,  is  not  strictly  a  case  of  paramorphism.  although  usually  so  designated.  Uraltte 
was  originally  described  by  Rose  in  a  rock  from  the  Ural.  It  has  since  been  observ(d  from 
many  localities.  The  microscopic  study  of  rocks  has  shown  the  process  of  "  uraliiization  " 
to  be  very  common,  and  some  aiithors  regard  many  hornblendic  rocks  and  schists  to  repre- 
sent altered  pyroxenic  rocks  on  a  large  scale. 

CuMMiNGTONiTB.  Ampliibole- Anthophyllite.  Iron- Magnesium  Amphibole.  Here 
l)elong  certain  varieties  of  amphibole  resembling  anthophyllite  and  essentially  identical  with 
it  in  composition,  but  optically  monorlinic.  From  Kongsberg;  Gieenland.  The  original 
eummingtoniie  is  gray  to  brown  in  color;  usually  fibrous  or  tibro-lamellar,  often  radiated. 
G.  =  8  i-3'32;  from  Cummin gton,  Mass. 

Dannemoritb.  Iron- Manganese  Ampliibole,  Color  yellowish  brown  to  greenish  gray. 
Columnar  or  fibrous,  like  tremolite  and  asbestus.  Conttuus  iron  and  manganese.  From 
Sweden. 

GrOnkritb.  lron-Amp7tibole  Asbestiform  or  lamellar-fibrous.  Luster  silky;  color 
brown;  G.  =  3-713.     Formula  FeSiOs. 

3.  RicHTERiTE.  Sodium- Magnesium- Manganese  Amphibole,  (Ks,Na„Mg, 
Ca,Mn),(SiO.),. 

In  elonfiratod  crystals,  seldom  terminated.  G.  =  809.  Color  brown,  yellow,  ro.'se-red. 
Tmnsparent  to  tmnslucent.  c  A  ^  =  -f  H'-SO^  /?y  =  1  '63;  y  -  a  =  0024.  From  Pajs- 
berc  and  L&ncrban.  Sweden.  Characterized  by  the  presence  of  manganese  and  alkalies  in 
relatively  large  amount. 


DBSCR1PTITB   MTXERALOOT. 


II.  Aluminoua. 


4.  Alumihous  Amphibole.  Hornblende.  Contains  alDmina  or  ferria 
iron,  and  usually  both,  with  ferrous  iron  (Bouietimea  manganese),  magiiesiam, 
calcium,  and  alk^Iiee.  The  kinds  here  included  range  from  the  light -colored 
edeniie,  containing  but  little  iron,  through  the  light  to  dark  green  pargatite, 
to  the  dark-colored  or  black  hornblende,  trie  color  growing  darker  with  increase 
in  amount  of  iron.  Extinction-angle  variable,  from  0"  to  37%  see  below. 
Pleochroiam  strong.     Absorption  ubuhIIj  c  <  b  <  0. 

Qdehite.  Aluminoui  Magnttium-Calciitm  AmpliiboU.  Color  nhite  to  gray  Hiiil  pale 
rreen,  and  also  colnrless;  O.  =  SVS  059.  Resembles  aiitlinpbyllUe  atid  tremoUte.  Named 
from  the  locality  at  Edenvllle,  N.  Y.  To  tkiU  variety  belong  miloua  pa1e-<»lored  ampbl- 
boles.  having  less  tlian  5  p.  c.  of  iron  uiiiles. 

Koktharovite  [a  a  variety  from  tbe  Deigliboibood  of  L.  Bailuil  uamed  after  Uie  Rusalaa 
mliieralogisl,  N.  von  Kokiharov. 

CoMuoN  HoRNBLBNDK,  Paboabite.     Color!  bright  or  dark  green,  and  bhiish  green  to 

frayUb  black  and  black.  Q.  =  3'05-!i*47.  Pargmite  is  usually  niaile  to  Include  green  and 
lulah-green  kinds,  occurring  in  stout  liislruus  crystuU,  or  gmnular;  and  Common  hora- 
bUnde  tbe  ereeniali  black  and  black  kinds,  wbetber  in  stout  crystals  or  long  bladed, 
columnar,  fibroue.  or  massive  granular.  But  no  line  can  lie  drnwo  between  them.  Tbe 
extiDCtloD-angle  on  i,  or  c  a  ^  =  +  19°  to  25°  chiefly.     Absorption  c  >  6  >  a. 

Pargatite  occurs  at  Pargas,  Finland,  iu  bliiiab-gieen  an<i  grnyish-black  cryatalt.  c  A  ^ 
=  +  lB*i  (3=  1-64;  r  -"  =  0019;  2V  =  69°.  PTeochroism:  t  grveuisb  blue;  t emerald* 
green;  a  gm,  yellow. 

The  dark  brown  lo  block  JutrnbUnda  from  basaltic  and  oilier  IgoeoDa  rocks  vary  aome. 
wbat  widely  in  optical  churacters.  The  angle  (  a  i  =  0°  to  -|-  10°  chiefly;  ft  =  17iSi  y  — 
a  =  0072  (mniimum).     Pleocbroism;  t  browD,  l  j-ellnw,  a  vw.  green,  but  vnrialile. 

The  Kataforitt  of  Norway  (BrOgger)  has  c  a  *  =  80°  to  60°;  absorpiion  S  >  t  >  a;  pleo- 
chroism:  ( yellow,  i  violet,  n  yw.  brown;  ii  approximiiles  toward  arfvedaonlle  (p.  40(S). 

Kupfftritt.  from  a  grepblte  mine  in  tbe  Timklnsk  Hta.,  near  L.  Baikal,  Is  a  deep  green 
ampliibole  (aluminous)  formerly  referred  to  nnthopUyllite. 
Sj/nlagmatitt  Is  the  black  hornblende  of  Vesuvius. 

BergamaikiU  is  an  Iron-ampbibole  coDIainiug almost  no  magnesia.  From  HoQie  Altlno, 
Province  of  Bergamo,  Italy. 

KaeTfilitt  is  a  tltaniferoua  ampbibolc  from  Enersut,  Umanaka  fiord,  Nortb  Greeolaud. 
Hattingiiu  is  an  amphibole  low  in  silica  and  high  in  iron  and  soda,  from  the  nephelite- 
syenlte  oF  Dunganuoii.  Hustings  Co.,  Onliirio. 

Pvr.— Essentially  tbe  same  as  (or  tbe  corresponding  varieties  of  pyroxene,  see  p.  890. 

Dm.— Disllnguisiied  from  pyroxene  (and  tourmaline)  by  lis  distinct  prismatic  cleavage, 

yielding  angles  of  fifl*  nod  124°.    Fibrous  and  columnar  forma  are  much  more  common  than 

with  pyroitene,  lamellar  and  foliated  forms  rare  (see  also  pp.  890.  898).    Crystals  often  Iodk. 

792  slender,  or  bladed.     DiSers  from  tbe  fibrous  leolltes  In 

not   gelatinizing  with  acids.     Epidote  has  a  pecult'T 

green   color,   is   more   ftislble,  and  shows  a  altferent 

cleavage. 

In  rock  sections  amphibole  generally  (bows  distinct 
)  colors,  green,  sometiroea  olive  or  brown,  and  la  strongly 
pleochrolc.  Also  recognized  by  its  btgb  relief  ;  gen- 
erally rather  high  interference- colors;  by  the  very  per- 
feet  system  of  cleavage- cnicks  crossing  nt  angles  of  00* 
and  134*  in  seetlona  i  i  (Fig.  782).  In  sections  1 6  (010) 
(recognized  by  yielding  no  axial  figure  In  convergent  light,  by  showing  the  hlKheat  Inter- 
ference-colors,  and  by  having  parallel  cleavage-cracks,  I  k),  the  extiuction-dlreelloD  for 
common  born  blendes  makes  a  small  angle  (13° -16°)  with  the  cleavage-cracks  {i.t.,  with  fy, 
fui'lliL'r.  Ill's  direction  is  positive  c  (different  from  common  pyroxene  and  ngirite,  cf.  Fin. 
772  and  776). 

Oba.— Ampblbole  occurs  Id  many  cryaralllne  limestones,  and  granitic  and  w.hlstoie 
rocks,  and  sparingly  in  volcanic  rocks.     JVamoJife,  tbe  magneeia-llme  variety,  is  eapecbily 
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common  in  limestones,  particulurly  mngnesinn  or  dolomitic;  aetinolUe  (also  nephrite),  the 
magnesia-lime-iron  variety,  in  steatitic  rocks  and  with  serpentine;  and  dark  green  and 
black  hornblende,  in  chlorite  schist,  mica  schist,  gneiss,  and  iu  various  other  rocks  of 
which  it  forms  a  eonstituent  part;  brown  to  black  hornblende  occurs  iu  trachyte  and  other 
eruptive  rocks.     Asbestus  is  often  found  in  connection  with  serpentine. 

Hornblende-rock,  or  ampfiibolite,  consists  of  massive  hornblende  of  a  dark  greenish  black 
or  black  color,  iiud  htis  a  granular  texture.  Occasionally  the  green  hornblende,  or  actino- 
lite,  occurs  in  rock-masses,  as  at  St.  Francis,  in  Canada.  Hornblende-Behist  has  the  same 
composition  us  umphibolite,  but  is  schistosu  ur  slaty  in  structure.  It  often  contains  a  little 
feldspar.  In  some  varieties  of  it  the  hornblende  is  in  part  in  minute  needles.  Granite  and 
syenite  often  conttiiu  hornblende,  and  with  diorite  it  is  a  common  constituent.  This  is 
also  true  of  the  corresponding  forms  of  gneiss.  In  these  cases  it  is  usunlly  present  in  small, 
irregular  masses,  often  fibrous  in  structure ;  also  as  rough  bladed  crystals. 

Prominent  foreign  localities  of  amphibole  are  the  n>llowing:  Tremolite  (grammntite) 
in  dolomite  at  Campolongo,  Switzerland;  also  at  Orawitza,  RezbUnya,  Hungary;  GulsjO, 
Wermland,  Sweden.  Aetinolite  in  the  crystalline  schists  of  the  Central  and  Elastern  Alps, 
especially  at  Greiner  in  the  Zillerthal;  at  ZOblitz  iu  Saxony;  Arendal,  Norway.  Asbestus  at 
Sterzing,  Zillerthal,  and  elsewhere  in  Tyrol;  in  Savoy;  also  in  the  island  of  Corsica.  Par- 
Qfisite  at  Parkas,  Finland:  Saualpe  in  Carinthia.  Hornblende  at  Arendal  and  Eongsberg, 
Norway;  in  Sweden  and  Finland;  at  Vesuvius;  Aussigand  Teplitz,  Bohemia;  etc.  Mphrite, 
which  in  the  form  of  "  jade  "  ornaments  and  utensils  is  widely  distributed  among  the  relics 
of  early  man  (see  jnde,  p.  894),  is  obtained  at  various  points  in  Central  Asia.  The  most 
important  source  is  that  in  the  Karakash  valley  in  the  Euen  Lun  Mts.  on  the  southern  bor- 
ders of  Turkestan;  also  other  localities  in  Central  Asia.  In  New  Zealand.  Nephrite  has 
been  found  in  Europe  as  a  rolled  mass  at  Schwemmsal  Bear  Leipzig;  in  Swiss  Lake  habita- 
tions and  similarly  elsewhere. 

In  the  United  States,  iu  Maine,  black  crjrstals  occur  at  Thomaston;  par^asite  at  Phipps- 
burg.  In  Vermont,  aetinolite  in  the  steatite  quarries  of  Windham  and  New  Fane.  In 
Mass.,  tremolite  at  Lee;  black  crystals  at  Chester;  asbestus  at  Pelham;  eummingionite  at 
Cunimington.  In  Conn,,  in  large  flattened  white  crystals  and  in  bladed  and  fibrous  forma 
(tremolite)  in  dolomite,  at  Canaan.  In  N.  York.  Warwick,  Orange  Co.;  near  Edenville; 
near  Amity;  at  the  Stirling  mines,  Oranee  Co.;  in  short  green  crystals  at  Gouvemeur,  St. 
Lawrence  Co  ;  with  pyroxene  a^  Russell;  a  black  varietv  at  Pierrepont;  at  Macomb;  Pit- 
Ciurn;  tremolite  at  Fine;  in  Rossie,  2  m.  N.  of  Oxbow,  in  large  white  crystals  at  Diana, 
Lewis  Co.;  asbestuf^  near  Greenwood  Furnace.  In  N.  Jersey,  tremolite  or  cray  amphibole 
in  good  crystals  at  Bryam,  and  other  varieties  of  the  species  at  Franklin  and  Newton,  radi- 
ated aetinolite.  In  Penn..  aetinolite  at  Mineral  Hill,  in  Delaware  Co.;  at  Unionville;  at 
Eennett.  Chester  Co.  In  Maryland,  aetinolite  and  asbestus  at  the  Bare  Hills  in  serpentine; 
asbestus  is  mined  at  Pvlesville,  Harford  Co.  In  Virginia,  aetinolite  at  Willis's  Mt.,  in 
Buckinorham  Co. ;  asbestus  at  Barnet's  Mills,  Fauquier  Co.    Nephrite  occurs  in  Alaska. 

In  Canada,  tremolite  is  abundant  in  the  Laurentian  limeston^.  at  Calumet  Falls,  Litch- 
field. Pontiac  Co.,  Quebec;  also  at  Biythtield,  Renfrew  Co.,  ahd  Dalhousie,  Lanark  Co. 
Black  hornblende  at  various  localities  in  Quebec  and  Ontario  with  pyroxene,  apatite, 
titanite,  etc..  as  in  Renfrew  Co.  Asl>estus  and  mountain  cork  at  Buckingham,  Ottawa  Co., 
Quel)ec;  a  bed  of  aetinolite  at  St.  Francis.  Beauce  Co.,  Quebec;  nephrite  has  been  found 
in  British  Columbia  and  Northwest  Territory. 

OLAUOOPHANB. 

Monoclinic;  near  amphibole  in  form.  Crystals  prismatic  in  habit,  usually 
indistinct;  commonly  massive,  fibrous,  or  columnar  to  granular. 

Cleavage:  m  perfect.  Fracture  conchoid al  to  uneven.  Brittle.  H.  =  6-6*5. 
G.  =  3'103-3113.  Luster  vitreous  to  pearly.  Color  azure-blue,  lavender- blue, 
bluish  black,  grayish.  Streak  grayish  blue.  Translucent.  Pleochroism 
strongly  marked :  c  sky-blue  to  ultramarine-blue,  b  reddish  or  bluish  violet, 
a  yellowish  green  to  colorless.  Absorption  c  >  b  >  a.  Optically  +.  Ax. 
pi.  \b.  c  A  6°=  4°  to  6°,  rarely  higher  values.  2E^r  =  84°  42'.  y&  =  1-6442 
(gastaldite);  y  —  «  =  0*022. 

Comp.— Essentially  NaAUSiO,\.(Fe,Mg)SiO,.  If  Mg  :  Fe  =  2  :  1,  the 
formula  requires:  Silica  57*6,  alumina  16*3,  iron  protoxide  7*7,  magnesia  8*5, 
soda  9-9  =  100. 
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Obs. — Occurs  as  the  bombleiidic  constituent  of  certain  crystalline  schists,  called  glaueo^ 
phane-schiaU,  or  glaucophanite;  also  mure  or  less  prominent  in  mica  schists,  amphiholites^ 
gneiss,  eclogites,  etc.  It  is  often  associated  with  uiicu,  garnet,  diallage  and  omphacite, 
epidote  and  zoisite.etc.  First  described  from  the  island  of  Syra,  one  of  i>.(-  Cycliuleii;  since 
shown  to  be  rather  widely  distributed,  as  on  the  southern  slope  of  the  Alps  (gtuUildUe), 
Corsica.  Japan,  etc.     HkodunU  is  a  fibrous  variety  from  the  Is.  Rhodus. 

Ill  the  U.  S.,  glaucophane  schists  have  been  described  from  the  Coast  Rjiuges  of  Cali- 
foniia.  us  at  Sulphur  Bunk,  Lake  Co. 

Glaucophane  is  named  from  yXavKo^y  hluisfi  green^  and  <f>aiye(r^at,  to  appear, 

RISBEOEITX]. 

Monoclinic.  Axes  a:t:6  =  0-5475  :  1  :  0-2925;  /3  =  76°  10'.  In  embed- 
ded prismatic  crystals,  lougitudinally  striated.  Cleavage:  prismatic  (56°) 
perfect.     Luster  vitreous.     Color  black.     Pleochroism  very  strongly  marked  : 

c  green,  b  (=  ^)  deep  blue,  a  (nearly  ||  c)  dark  blue.     Optically  —.     Extinc- 
tion-angle small,  a  A  i  =  4°-5°  (  ±  ?).     Axial  angle  large. 

ni 

Comp.— Essentially  2NaFe(SiO,),.FeSiO,  =  Silica  50-5,  iron  sesquioxide 
26*9,  iron  protoxide  12*1,  soda  10*5  =  100.  It  corresponds  closely  to  acmite 
(aegirite)  among  the  pyroxenes. 

Obs.— Originally  described  from  the  granite  and  syenite  of  the  island  of  Socotra  in  the 
Indiun  Ocean,  120  m.  N.  E.  of  Cape  Guurdafui,  the  eastern  extremity  of  Africa;  occurs  in 
groups  of  prismatic  crystuls.oftea  radiating  and  closely  resembling  tourmaline;  also  io  jrrano- 
'  phyre  blocks  found  ai  Ailsa  Crag  and  at  other  points  in  Scotlund  and  Ireland.  A  similar 
amphibole  occurs  at  Mynydd  Muwr,  Carnarvonshire.  Wales.  Also  another  in  grnnuliie  in 
Corsica.  A  so-called  arfvedsonite  from  St.  Peter's  Dome,  Pike's  Peak  region,  El  Paso  Co., 
Colorado,  occurring  with  astropliyllite  and  zircon,  is  shown  by  Lacroix  to  be  near  riebeck- 
ite.    ExiinctioD-augle  on  5,  a  a  ^  =  8*  to  4*". 

OROOIDOUTX].     Blue  Asbestus. 

Fibrous,  asbestus-like;  fibers  long  but  delicate,  and  easily  separable.  Also 
massive  or  earthy.  Cleavage:  prismatic,  56°.  H.  =  4.  G.  =  3-20-3*30. 
Luster  silky;  dull.  Color  and  streak  lavender-blue  or  leek  green.  Opaque. 
Fibers  somewhat  elastic.  Pleochroism:  c  green,  b  violet,  q  blue.  Optically  +. 
Extinction  angle  on  b,  inclined  18°  to  20°  with  d.  2E  =  95°  approx.  y  —  a 
=  0-025. 

ITI 

Comp. — NaFe(SiO,),.FeSiO,  (nearly)  =  Silica  49*6,  iron  sesquioxide  22-0, 
iron  protoxide  19-8,  soda  8*6  =  100. 

Magnesium  and  calcium  replace  part  of  the  ferrous  iron,  and  hydrogen  part  of  the 
sodium. 

Pyr.,  etc. — In  the  closed  tube  yields  a  small  amount  of  alkaline  water.  B  B.  fuses 
easily  with  intumesconce  to  a  black  magnetic  glass,  coloring  the  flume  yellow  (soda).  With 
the  fluxes  gives  reactions  for  iron.     Unacted  upon  by  acids. 

Obs. — Occurs  in  South  Africa,  in  Griqualand-West,  north  of  the  Orange  river,  in  a 
range  of  quartzose  schists  called  the  Asbestos  Mountains.  In  a  micaceous  porphyry  near 
Framont,  in  the  Vosges.  At  GoUing  in  Salzburg.  In  the  U.  8.,  at  Beacon  Pole  Hill,  near 
Cumberland,  R.  I.  Emenild  Mine,  Buckingham,  and  Perkin's  Mill,  Templeton,  Ottawa 
Co.,  Ontario,  Canada. 

Abriaehanite  is  an  earthy  amorphous  form  occurring  in  the  Abriachan  district,  near 
Loch  Ness,  Scothmd.  Crocidolite  is  named  from  KpoKii,  woof,  in  allusion  to  its  fibrous 
structure. 

The  South  African  mineral  is  largely  altered  by  both  oxidation  of  the  iron  and  infiltra- 
tion of  silica,  resulting  in  a  compact  siliceous  stone  of  delicate  fibrous  structure,  chatoyant 
luster,  and  briirht  yellow  to  brown  color,  popularly  called  tiger-eye  (nlso  cit*8-eye  and 
Faseniuarz.  Tigerauge.  Falkeiiauge  (bluish  var.)  Oerm,),    Many  varieties  occur  forming 
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transitions  from  the  original  blue  mineral  to  the  final  product;  also  varieties  depending 
upon  the  extent  to  which  the  original  mineral  has  penetrated  the  quartz. 

ARFVBDSONITB. 

Monoclinic.     Axes  a  :  J  :  (5  =  0-5569  :  1  :  0  2978  ;  /3  =  ir  2'. 

Crystals  long  prisms,  often  tabular  ||  b,  but  seldom  distinctly  terminated ; 
angles  near  those  of  amphibole;  also  in  prismatic  aggregates.  Twins:  tw.pl.  a.    . 

Cleavage:  prismatic,  perfect;  b  less  perfect.  Fracture  uneven.  Brittle. 
H.  =  6.  G.  =  3-44-3-45.  Luster  vitreous.  Color  pure  black;  in  thin  scales 
deep  green.  Streak  deep  bluish  gray.  Opaque  except  in  thin  splinters. 
Pleochroism  strongly  marked :  c  deep  greenish  blue,  b  lavender,  a  pale  green- 
ish yellow.  Absorption  c  >  b  >  a;  sections  |  a  are  deep  greenish  blue,  I  6  olive- 
green.     /3  =  1-707;  V  —  or  =  0  027.     Extinction  angle  on  b,  with  d,  =  14°. 

Comp. — A  slightly  basic  metasilicate  of  sodium,  calcium,  and  ferrous  iron 
chiefly;  an  analysis  by  Lorenzeu  gives: 

G.         8iO,  Al,Oa  Fe,Oa  FeO  MnO  MgO  CaO  Na.O  K,0  H,0 
Kangerdluarsuk  344        43-85    445    3-80  33*48  0-45  081   465  815  1  Otf  015  =  lOO'SO 

The  supposed  arfvedsonite  from  Green lund  analyzed  by  von  Eobell.  Rbg.,  etc.,  has 
been  shown  to  be  tt;girite;  that  from  Pike's  Peak,  Colorado,  analyzed  by  Koenig,  has  been 
referred  to  riebeckiie. 

Pyr.,  etc. — B.B.  fuses  at  2  with  intumescence  to  a  black  rongnetic  globule;  colors  tbe 
flame  yellow  (soda);  with  the  fluxes  gives  reactions  for  iron  and  manganese.  Not  acted 
upon  by  acids. 

Obs. — Arfvedsonite  and  amphiboles  of  similar  character,  containing  much  iron  and 
soda,  are  common  constituents  of  certain  i||rneous  rock  which  are  rich  in  alkalies,  as  nephe- 
lite  syenite,  phouolite,  etc.  Large  and  distinct  crystals  are  found  only  in  the  pegmatite 
veins  in  such  rocks,  as  at  Kangerdluarsuk,  Greenland,  where  the  associated  minerals  are 
sodalite,  eiidialyte,  feldspar,  etc.  Arfvedsonite  occurs  also  in  the  nephelite-Fytiiites  and 
related  rocks  of  the  Christiania  region  in  southern  Norway;  on  the  Kola  peninsula  in 
Russian  Lapland:  Dungannon  township,  Ontario;  Trans  Pecos  district,  I'exas.  1  he  re- 
lated brownish  pleochroic  amphiboles  (cf.  barkevikite)  occur  in  similar  rocks  nt  Montreal, 
Canada;  Red  Hill.  New  Hampshire;  Salem,  Mass.;  Magnet  Cove,  Ark.  ;  Black  Hills,  So. 
Dakoia;  Square  Hutte,  Montana,  etc. 

Grossite  U  a  soda-am  phi  bole  near  arfvedsonite  (7'62NasO)  from  a  rock  in  the  neighbor- 
hood of  San  Francisco. 

Barkevikite.  An  antphibole  near  arfvedsonite  but  more  basic.  In  prismatic  crys- 
tals. Cleavai^e:  prismatic  (55"  44J')-  G.  =  3*428.  Color  deep  velvet-black.  Pleochroism 
marked,  colors  brownish.  Extinctiou-an^le  with  i  on  6=  124'.  Occui-s  at  the  wOhlerite 
locality  near  Barkevik,  on  the  Langesund  fiord,  and  elsewhere  in  southern  Norway. 


iBnigmatite.  Cossyrite.  Essentially  a  titnno-silicate  of  ferrous  iron  and  sodium,  but 
containing  also  aluminium  and  ferric  iron.  In  prismatic  triclinic  crystals.  Cleavnffe: 
prismatic,  distinct  (66°).  G.  =  8*74-8  80.  Color  black.  i£nigmatite  is  from  the  sodalite- 
syenite  of  Tunuudliarflk  and  Kangerdluarsuk,  Greenland.  Couyrite  occurs  in  minute 
crystals  embedded  in  the  liparite  lavas  of  the  island  Pantellaria  (ancient  name  Cossyra). 


BERTL. 

Hexagonal.     Axis  i  =  0*4989. 

Crystals  usually  long  prismatic,  often  striated  vertically,  rarely  transversely; 
distinct  terminations  exceptional.  Occasionally  in  large  masses,  coarse  columnar 
or  granular  to  compact. 

Gleavage:  c  imperfect  and  indistinct.  Fracture  conchoidal  to  uneven. 
Brittle.  H.  =  75-8.  G.  =  2-63-2 -80;  usually  2*69-2-70.  Luster  vitreous, 
sometime  resinous.     Colors  emerald-green,  pale  green,  passing  into  light  blue. 
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yellow  and  white;  also  pale  rose-red.  Streak  white.  Transparent  to  subtrans- 
lucent.  Dichroism  more  or  less  distinct.  Optically  — .  Birefringence  low. 
Often  abnormally  biaxial,     oa  =  1'5820,  e  =  1'5765  aquamarine. 
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Var. — 1.  Emerald.  Color  bright  emerald-green,  due  to  the  presence  of  a  little  cbro- 
tnium  ;  highly  prized  as  a  gem  wheu  clear  aud  free  from  flaws. 

2.  Ordimiry;  Beryl,  Gciierally  in  hexagounl  prisms,  often  coarse  and  large  ;  gi-een  the 
common  color.  The  principal  kiudsare:  (a)  colorless;  (b)  bluish  green,  qhWukX aqnnmarine; 
(e)  apple-green ;  (d)  greenish  yellow  to  iron-yellow  and  honey-yell* tw  ;  sometimes  a  clear 
bright  yellow  as  in  the  golden  l)eryl ;  (e)  pale  yellowish  green  ;  (/)  clear  sapphire-blue ; 
•{g)  pale  sky  blue  ;  (/«)  the  pale  violet  or  reddisii ;  (t)  the  opaque  brownish  yelLiw,  of  waxy 
or  greasy  luster.     The  oriental  emerald  of  jewelry  is  emerald-colored  sapphire. 

Comp.-Be,Al,(SiO,),  or  3BeO.Al,0,.6SiO,  =  Silica  67*0,  alumina   19-0, 
glucina  14-0  =  100. 

Alkalies  (Na^O,  LisO.  CsaO)  are  sometimes  present  replacing  the  beryllium,  from  0*25 
to  5  p.  c. ;  also  chemically  combined  water,  including  which  the  formula  becomes 
HaBe.AUSiisOsT. 

Pyr.,  etc. — B.B.  alone,  unchanged  or.  if  clear,  becomes  milky  white  and  clouded;  at 
a  high  temperature  the  edu:es  are  rounded,  and  ultimately  a  vesicular  scoiia  is  formed. 
Fusibility  =  5'5,  but  somewhat  lower  for  beryls  rich  in  alkalies.  Glass  with  borax,  clear 
and  colorless  for  beryl,  a  tine  green  for  emerald.     Unacted  upon  by  acids. 

Diff. — Characterized  by  its  green  or  greenish-blue  color,  glassy  luster  and  hexagonal 
form  :  rarely  massive,  then  easily  mistaken  for  quartz.  Distinguished  from  apatite  by  its 
hardness,  not  being  scratched  by  a  kuife,  also  harder  than  green  tourmaline  ;  from  chryso- 
beryl  by  its  form  ;  from  euclase  and  topaz  by  its  imperfect  cleavage. 

Obs. — Beryl  is  a  conmion  accessory  mineral  in  granite  veins,  especially  in  those  of  a 
pegmatitic  character.  Emeralds  occur  in  clay  slate,  in  isolated  crystals  or  in  nests,  near 
Muso,  etc.,  75  m.  N.N.E  of  Bogota.  Colombia.  Emeralds  of  leas  beauty,  but  larger,  occur 
in  Siberia,  on  the  river  Tokovoya,  N.  of  Ekaterinburg,  embedded  in  mica  schist.  Emeralds 
of  large  size,  though  not  of  uniform  color  or  free  from  flaws,  have  been  obtained  in  Alex- 
ander Co.,  N.  C. 

Transparent  beryls  are  found  in  Siberia,  India  and  Brazil.  In  Siberia  they  occur  at 
Mursinka  and  Shaiianka,  near  Ekaterinburg  ;  near  Miask  with  topaz  ;  in  the  mountains  of 
AduuChalon  with  topaz,  in  E.  Siberia.  Beautiful  crystals  also  occur  at  Elba ;  the  tin 
mines  of  Eh ren fried ersdorf  in  Saxony,  and  Schlackenwald  in  Bohemia.  Other  localities 
are  the  Mourne  Mts.,  Ireland  :  yellowish  green  at  Rubislaw,  near  Aberdeen.  Scotland 
{fiavideonite) ;  Limoges  in  France ;  Finbo  and  Broddbo  in  Sweden  ;  Tamela  in  Finland ; 
Pfitscli-Joch.  Tyrol  ;  Bodenniais  and  Rjibenstein  in  Bavaria ;  in  New  South  Wales. 

In  the  United  States,  lieryls  of  gipintic  dimensions  have  been  found  in  N,  Hamp,,  at 
Acworth  and  Grafton,  aud  in  Mnes..  at  Royalston.  In  Maine,  at  Albany  :  Norway ;  Bethel; 
at  Hebron,  a  oesium  beryl  (CssO,  '6  60  p  c.),  associated  with  pollucite ;  in  Paris,  with  black 
tourmaline  ;  at  Topsham.  pale  green  or  yelowish.  In  Mass.,  at  Barre;  at  Goshen  (poiA*n«ttf). 
and  ai  Chestertield  In  Conn,,  at  Haddam.  and  at  the  Middlctown  and  Portland  feldspar 
quarries ;  at  New  Milford,  of  a  clear  golden  yellow  to  dark  amber  color ;  Branchville.     In 
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Penn.,  at  Leiperville  and  Chester ;  at  Mineral  Hill.  In  Virginia,  at  Amelia  Court- House, 
sometimes  white.  InN,  Carolina,  in  'Alexander  Co.»  near  Stony  Point,  flue  emeralds  ;  to 
Mitchell  Co.;  Morganton,  Burke  Co.,  and  elsewhere.  In  Alabama,  Coosa  Co.,  of  a  light 
yellow  color.  In  Uolarado,  near  the  summit  of  Mt.  Antero,  beautiful  aquamarines.  In  6'. 
Dakota,  in  the  Black  Hills  in  large  crystals. 

X]ndial3rte.  Essentially  a  metasilicate  of  Zr.Fe(Mn),Ca,Na,  etc.  In  red  to  brown 
tabular  or  rhombohedral  crystals  ;  also  massive.  H.  =  5--5'6.  G.  =  2 '9-80.  Optically  -f  > 
Fi'om  Eangerdluarsuk,  West  Greenland,  etc.,  with  arfvedsonite  and  sodalite ;  at  Liijaor  on 
the  Kola  peninsula,  Russian  Lapland,  in  elaeolite-syenite,  there  forming  a  nuiiu  constituent 
of  the  rock-mass.  BucdiU,  from  islands  of  the  Langesund  flord  in  Norway,  is  similar  (but 
optically  — ).  Eudialyte  and  eucolite  also  occur  at  Magnet  Cove,  in  Arkansas,  of  a  rich 
crimson  to  peach-blossom  red  color,  in  fehlspar,  with  elseolite  and  segiritc. 

Blpidite.  NaaO.Zr0..6SiOs.3HaO.— Massive,  fibrous.  G.  =  2'o4.  Southern  Green- 
land.   

The  following  are  rare  species  of  complex  composition,  all  from  the  Lange- 
sund  fiord  region  of  southern  Norway. 

Oatapleiite.  H«(Na3.Ca)ZrSisOti.  In  thin  tabular  hexagonal  prisms.  H.  =  6.  G.  = 
2*8.  Color  light  yellow  to  yellowish  brown.  Natron-catapleiite,  or  soda-catapleiite,  con- 
tains only  sodium  ;  color  blue  to  gray  and  white ;  on  heating  the  blue  color  disappears. 

Oappelenite.  A  boro-bilicate  of  yttrium  and  barium.  In  greenish-brown  hexagonal 
crystals. 

Melanocerite.  A  fluo  silicate  of  the  cerium  and  yttrium  metals  and  calcium  chiefly 
(also  B,  Ta.  etc.).     In  brown  to  black  tabular  rhombohedral  crystals. 

Oaryocerite.     Near  melanocerite.  containing  ThOs. 

Strebnstrufine  (from  Greenland)  is  allied  to  the  two  last  named  species. 

Tritomite.  A  fluo  silicate  of  thorium,  the  cerium  and  yttrium  metals  and  calcium, 
with  boron.     In  dark  brown  crystals  of  acute  triangular  pyramidal  form. 

The  following  are  also  from  the  same  region: 

Leucophanite.  Na(BeF)Ca(SiOt)s.  In  glassy  greenish  tabular  crystals  (orthorhombic- 
sphenoidal).     H.  =  4.     G.  =  2-9«. 

Meliphanite.  A  fluosilicate  of  beryllium,  calcium,  and  sodium  near  leucophanite.  In 
low  square  pyramids  (tetnigoual).     Color  yellow.     H.  =  5-5  5.     G.  =  3  01. 


lOLITX].     Conlierite.     Dichrofte. 

Orthorhombic.     Axes  ^  :  }  :  (J  =  0  5871  :  1  :  0  5585, 

Twins:  tw.  pi.  m,  also  d  (130),  both   yielding  pseudo-hexagonal  forms. 
Habit  short  prismatic  {mm'"  =  60°  50')  '(Fig.   299,  ^g^ 

p.  94).     As  embedded  grains;  also  massive,  compact.  " 

Cleavage:  />  distinct;  a  and  c  indistinct.     Crystals  ^*» 

often  show  a  lamellar  structure  ||  c,  especially  when       a^ 
slightlv   altered.      Fracture  subconchoidal.      Brittle.  N, 

H.  =  f-T-5.     G.  =  2-60-2-66.    Luster  vitreous.    Color 
various  shades  of  blue,  light  or  dark,  smoky  blue. 
Transparent    to   translucent.      Pleochroism    strongly     ^.^^ 
marked  except  in  thin  sections.     Axial  colors  variable. 
Thus: 


oitt  s 

X 


010 


\ 


Bo'ienmais       c(=:  5  wlark  Berlin -blue       b  (=  a)  light  Berlin- 
blue     tt  (  =  ^)  yellowish  white  5/' 

Absorption  c  (f)  >  b  (a)  >  a  (d),     Pleochroic  halos 
common,  often  bright  yellow;  best  seen  in  sections  ||  d. 
Exhibits  idiophanous  figures.    Optically  — .    Ax.  pi.  ||  a.    Bx.±c.   Dispersion 
feeble,  p<v.     2V  =  70°  23'  (also  40°  to  84°).     )5y  =  1-549;  y-  a  =  0008. 
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Comp.— H,(Mg,Fe),Al.Si,,0„  or  H,O.4(Mg,FeO).4Al,O,.l0SiO,. 
If  Mg  :  Fe  =  7  :  2,  the  percentage  composition  is:  Silica  49*4,  alumina  33'6, 
iron  protoxide  5-3,  magnesia  10*2,  water  1*5  =  100.    Ferrous  iron  replaces  part 
of  the  magnesium.     Calcium  is  also  present  in  small  amount. 

Pyr..  etc. — B.B.  loses  transparency  and  fuses  at  t5-5'5.  Only  partially  decomposed  by 
acids.     Decomposed  on  fusion  with  alkaline  carbonates. 

X>i£f.— Characterized  by  its  vitreous  luster,  color  and  pleochroism;  fusible  on  the  edges 
unlike  quartz;  less  hard  than  sapphire. 

Recognized  in  thin  sections  by  lack  of  color;  low  refraction  and  low  interference-colors; 
it  is  very  similar  to  quartz,  but  distinguished  by  its  biaxial  character:  in  volcanic  rocks 
conimouly  shows  distinct  crystal  outlines  and  a  twinning  of  three  individuals  like  nragon- 
ite.  In  the  gneisses,  etc.,  it  is  in  formless  grains,  but  the  common  occuii'ence  of  iurlusions, 
especially  of  sillimanite  needles,  the  pleochroic  halos  of  a  yellow  color  around  small  inclu- 
sions, particularly  zircons,  and  the  constant  tendency  to  alteration  to  micaceous  piuite  seen 
along  cleavages,  help  to  distinguish  it. 

Obs. — Occurs  in  granite,  gneiss  (cordierite  gneiss),  hornblendic,  chloritic  and  talcose 
schist,  and  allied  rocks,  with  quartz,  orthoclase  or  albite,  tourmaline,  hornblende,  nndalu- 
site,  sillimanite,  garnet,  and  sometimes  bei-yl.  Liess  commonly  in  or  connected  with  igneous 
rocks,  thus  forme<l  directly  from  the  magma,  as  in  andesite,  etc.;  also  in  ejected  masses  (id 
fragments  of  older  rocks);  further  formed  as  a  contact-mineral  in  connection  with  eruptive 
dikes,  as  in  slates  adjoining  granite. 

Occurs  at  Bodenmais,  Bavaria,  in  granite,  with  pyrrhotite,  etc.;  Orijftrvi,  in  Finlnud 
(steinheiliUs);  Timabeig,  in  Sweden  ;  in  colorless  crystals  from  Brazil ;  Ceylon  affords  a 
transparent  variety,  the  saphir  d*eau  of  jewelers. 

In  the  U.  S..  at  Haddam,  Conn.,  associated  with  tourmaline  in  a  granitic  vein  in  gneiss. 
At  Brimfield,  Mass.:  at  Richmond,  N.  H. 

Named  lolite  from  i'ov,  vioUt,  and  XiBo?,  stone,-  Dtehraite  {fvom  Sixpooi,  ttco-colared), 
from  its  dichroism  ;  Cordierite,  after  Cordier,  the  French  geologist  (1777-1861). 

The  alteration  of  iolite  takes  place  so  readily  by  ordinary  exposure,  that  the  mineral  Is 
most  commonly  found  in  an  altered  state,  or  enclosed  in  the  altered  iolite.  This  change 
may  be  a  simple  hydration  ;  or  a  removal  of  part  of  the  protoxide  bases  by  carbon  dioxide  ; 
or  the  introduction  of  oxide  of  iron;  or  of  alkalies,  forming  pinite  and  mica.  The  first  step 
in  the  change  consists  in  a  division  of  the  prisms  of  iolite  into  plates  parallel  to  the  base, 
and  a  pearly  foliation  of  the  surfaces  of  these  plates;  with  a  change  of  color  to  grayish  ^reen 
and  greenish  gray,  and  sometimes  brownish  gray.  As  the  alteration  proceeds,  the  foliation 
becomes  more  complete;  afterward  it  may  be  lost.  'I  he  mineral  in  this  altered  condition 
has  many  names:  as  hydrous  iolite  (incl.  bonsdorffite  and  auralite)  from  Abo,  Finland; 
fahlunite  from  Falun,  Sweden,  also  fiyrargillite  from  Helsingfors;  esmarkite  and  pra^eoliie 
from  near  Brevik,  Norway,  also  raumite  from  Raumo,  Finland,  and  peplolite  from  Rams- 
berg.  Sweden;  chloropJiyUite  from  Unity,  Me.;  uspaniolite ;  am\  polychroilite  from  KragerA 
There  are  further  alkaline  kinds,  us  pinite,  eataspilite,  ffigantolite,  iberite,  belonging  to  the 
Hica  Group. 


The  following  are  rare  lead  and  barium  silicates: 

Barysilite.  PbsSiaOT.  In  embedded  masses  with  curved  lamellar  structure.  Cleav- 
aije:  lia^^al.  II.  =  8.  G.  —  611-6'55.  Color  white;  tarnishing  on  exposure.  From 
ine  Hnrstig  mine,  Pajsberg,  Sweden. 

Ganomalite.  Pl)sS''iOi.'Ca.Mn)3Si04.  In  prismatic  crystals  (tetragonal):  also  massive, 
granular.  H.  =3.  G.  =  574.  Colorless  lo  gray.  From  L&ugban,  Sweden;  also 
JakobslR'rg. 

Hyalotekite.  Api^roximntely  (Pb.Ba,Ca>,Ba(Si03)i«.  Massive  :  coarsely  CTystalline. 
H.  =  5-5*5.     G.  =  3*81.     Color  white  to  pearly  gray.    From  L&ngban,  Sweden. 

Barylite.  BatAUSi^O^*.  In  groups  of  colorless  prismatic  crystals.  H.  =7.  G.  =  4*03. 
Luster  greasy.     Occurs  with  hedyphane  in  crystalline  limestone  at  L&ngban,  Sweden. 

Roeblingite.  5(HiCaSi04).2(CaPhS04).  In  dense,  white,  compact,  crystalline  masses. 
H.  =3,     G.  =  8-433.    From  Franklin  Furnace,  N.  J. 
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m.  Orthosilicates.    B,SiO«. 

Salts  of  Orthosilicic  Acid,  H.SiO,;  characterized  by  an  oxygen  ratio  of 
1  :  1  for  silicon  to  bases. 

The  following  list  includes  the  more  prominent  groups  among  the  Ortho- 
silicates. 

A  DUMtber  of  basic  orthosilicales  are  here  included,  which  yield  waiter  upon  ignitioo; 
also  otliers  which  are  more  or  less  Ijasic  than  u  uorinul  orihosiiicate,  but  which  are  of 
Decessity  introduced  here  in  the  classilication,  because  of  their  relationship  to  other  normal 
salts.  The  Mica  Group  is  so  closely  related  to  many  Hydrous  Silicates  that  (with  also 
Talc,  Eaoliuite.  and  some  others)  it  is  descdbed  later  with  them. 

Nephelite  Group.     Hexagonal. 
Sodalite  Group.     Ison  etric. 
Helvite  Group.     Isometrio-tetrahe- 

dral. 
Garnet  Group.     Isometric. 
Chrysolite  Group.     Orthorhombic. 
Pheiiaeite  Group.     Tri-rhombohe- 

dral. 


Scapolite   Group.     Tetragonal  -  py- 
ramidal. 
Zircon  Group.     Tetragonal. 
Danburite  Group.     Orthorhombic. 
Datolite  Group.     Monoclinic. 
Epidote  Group.     Monoclinic. 


Nephelite  Group.     Hexagonal. 

Typical  formula  RAlSiO.. 

HepheUte  K,Na.Al.Si,0„ 

Soda-nephelite  (artif.)     NaAlSiO^ 
Eucryptite  LiAISiO^  Kaliophilite 


i  =  0-8389 
KAlSiO. 


Gancrinite 
Microsommite 


2(5  =  0  8448 
2(5  =  0-8367 


H.Na.Ca(NaCO.),Al.(SiO,), 
(Na,K)..Ca,Al,.Si,,0„SCl, 

The  species  of  the  Nephelite  Group  are  hexagonal  in  crystallization  and 

I 

have  in  part  the  typical  orthosilicate  formula  RAlSiO^.  From  this  formula 
nephelite  itself  deviates  somewhat,  though  an  artificial  soda-nephelite, 
NaAlSiO,,  conforms  to  it.  The  species  Cancrinite  and  Microsommite  are 
related  in  form  and  also  in  composition,  though  in  the  latter  respect  some- 
what complex.  They  serve  to  connect  this  group  with  the  sodalite  group 
following. 


NBPHSLITX].     NepheliDC. 

Hexagonal-hemimorphic  (p.  73).     Axis  6  =  0*83893. 

In  thick  six-  or  twelve-sided  prisms  with  plane  or  modified  summits. 
Also  massive  compact,  and  in  embedded  grains;  structure  sometimes  thiit 
columnar. 

Cleavage:  m  distinct;  c  imperfect.  Fracture  eubconchoidal.  Brittle. 
H.  =  5*5-6.  G.  =  2*55-2*65.  Luster  vitreous  to  greasy;  a  little  opalescent 
in  some  varieties.  Colorless,  white,  or  yellowish;  also  when  massive,  darK 
green,  greenish  or  bluish  gray,  brownish  rod  and  brick-red.  Transparent  to 
opaque.     Optically  — .     Indices:  G?y  =  1-542,  6,.  =  1'538. 
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Var.— 1.  NepheliU.  Olasay, — Usually  in  small  glassy  crystals  or  grains,  tmnsparent 
with  vitreous  luster,  first  found  on  Mte.  Somma.  Charactenstic  particularly  of  younger 
eruptive  rocks  and  lavas.  2.  EUboHU. — In  large  coarse  crystals,  or  more  commouly  mas- 
sive, wiib  a  ereasy  luster,  and  reddish,  greenish,  brownish  or  gray  in  color.  Usually 
clouded  by  minute  inclusions.     Characteristic  of  granular  crystalline  rocks,  syenite,  etc. 

Comp R,Al.Si,0„;  if  R  =  Na: K  =  3 : 1,  this  is  equivalent  to  3Na  O.K.O. 

4Al,0,.9SiO,  =  Silica  44-0,  alumina  33*2,  soda  15-1,  potash  7-7  =  100.     In  most 
analyses  Na  :  K  =  4  :  1  or  5  :  1. 

Synthetic  experiments,  yielding  crystals  like  nephelite  with  the  composition  NaAlSiOi, 
lead  to  the  conclusion  that  a  natural  sodu-ncphehte  would  be  an  orthusilicute  with  this 
formula,  while  the  higher  silic4i  in  the  pot^ish  varieties  m>iy  be  explained  by  the  presence, 
in  molecular  combinaiion,  of  KAlSisO*  or  KaO.AIa03.4Si09  (=  leuciie).  The  other  species 
of  the  group  are  nornml  orthosilicaii-s,  viz.,  cucrypiite  LiAlSi04.  and  kaliophilite,  KAlSiOi. 

Pyr.,  etc.  -B.B   fuses  quietly  at  8*5  to  a  colorless  glusb.     Gelatinizes  with  acids. 

Di£f. — Distinguibhcd  by  its  gelatinizing  with  acids  from  scapolite  and  feldspar,  a.«;  also 
from  apatite,  from  which  it  diil'ers  too  in  iis  greater  hardness.  Massive  varieties  have  a 
characteristic  greasy  luster. 

RL'cognizcd  in  thin  sections  by  its  low  refraction;  very  low  interference-colors,  which 
scarcely  rise  to  gray;  parallel  extinction  when  in  crystals;  faint  negative  uniaxial  cross 
yielded  by  basal  sections  in  converging  light.  The  negiUive  character  is  best  told  by  aid  of 
the  seleuite  plate  (see  p.  201).  3Iicrocbemical  tests  serve  to  distinguish  non-characteristic 
particles  from  similar  ones  of  alkali  feldspar;  ilie  section  is  treated  with  dilute  acid,  and 
the  resultant  gelatinous  silica,  which  coats  the  nephelite  particles,  stained  with  eosine  or 
other  dye. 

Obs. — Nephelite  is  rather  widely  distributed  (as  shown  by  the  microscopic  study  of 
rocks)  in  igneous  rocks  as  the  product  of  crystallization  of  a  mngma  rich  in  soda  and  at  the 
same  time  low  in  silica  (which  last  prevents  the  soda  from  being  used  up  in  the  formation 
of  albite).  It  is  thus  an  essential  component  of  the  nephelite-syenites  and  phonolites  where 
it  is  associated  wiih  alkali  feldspai-s  chiefly.  It  is  also  a  constituent  of  more  basic  augitic 
rocks  such  as  nephelinite,  neph elite-basalts,  nephelite-tephrites,  tliernlite,  etc.,  n^ost  of 
which  are  volcanic  in  origin.  The  variety  eUBolite  is  associated  with  the  granular  plutonic 
rocks,  while  the  name  nepJielite  was  originally  used  for  the  fresh  glassy  crystals  of  the 
modern  lavas;  the  terms  have  in  this  sense  the  same  relative  significance  as  orthoclase  and 
sanidine.     Modern  usage,  however,  tends  to  drop  the  name  eUwolite. 

The  original  nepTielite  occurs  in  ciystals  in  the  older  lavas  of  Mte.  Somma,  with  mica, 
vesuvianite.  etc.;  at  Capo  di  Bove,  near  Rome;  in  the  basalt  of  Katzenbuckel,  near  Heidel- 
l>erg:  Aussig  in  Bohemia;  L6bau  in  Saxony.  Occurs  also  in  massive  forms  and  large 
coarse  crystals  {elceolite)  in  the  nephelite-syenites  of  Southern  Norway,  especially  along  the 
Langesund  fiord;  similarly  in  west  Greenland;  the  peninsula  of  Kola;  Miask  in  the  Iimen 
Mts.  (in  the  rock  mtascite):  Sierra  Monchiqne,  Portugal  (in  the  rock  fayaite}-,  Ditr6,  Hun- 
gary (in  the  rock  ditroite):  Pousac,  France;  Bnizil:  South  Africa. 

Elseolite  occurs  massive  and  crystallized  at  Litchfield.  Me.,  with  cancrinite;  Salem, 
Mass.;  Red  Hill,  N.  H.;  in  the  Ozark  Mts..  near  Magnet  Cove.  Arkansas;  elseolite-sycnite 
is  also  found  near  Bcemersville,  northern  N.  J.:  near  Montreal,  Canada;  at  Duugannnn 
township,  Ontario,  in  enormou?*  crystals.  Nephelite  rocks  also  occur  at  various  points,  as 
the  Transpecos  distr..  Texa.s  ;  Pilot  Butte.  Texas  ;  also  in  western  N.  America,  as  in  Colo- 
rado at  Cripple  Creek:  in  Montana,  in  the  Crazv  Mts.,  the  Highwood.  Bearpaw  and  Judith 
Mts  ;  Black  Hills  in  So.  Dakota:  Ice  River,  British  Columbia. 

Named  nephelite  from  ve^eXtj,  a  cloud,  in  allusion  to  its  becoming  cloudy  when 
immersed  in  strong  acid;  elmolite  is  from  eXcxtoy^  oil,  in  allusion  to  its  grea.«*y  luster. 

OieseekiU  is  a  pseudomorph  after  nephelite.  It  occurs  in  Greenland  in  six-sided  green- 
ish-grav  prisms  of  greasy  luster;  also  at  Diana  in  Lewis  Co.,  N.  Y.  Dyspntribiie  from 
Diana  is  similar  to  gieseckite.  as  is  n]so  liebenerite,  from  the  valley  of  Fleims,  in  Tyrol. 
See  further  Pinitk  under  the  Mica  Group. 

Bucryptite.  LiAlSiO*.  In  symmetrl'-ally  arranged  crystals  (hexagonal),  embedded 
in  albite  and  derived  from  the  alteration  of  spodumene  at  Branch ville,  Conn,  (see  Fig.  474, 
p.  141).     G.  =  2-667.     Colorles-H  or  white. 

EaliophiUte.  KAlSiO«.  Pliacellite.  Phacelite.  Facellite.  In  bundles  of  slender 
acicular  crystals  (hexaeonal),  also  in  fine  threads,  cobweb  like.  H.  =  6.  G.  =  2  498- 
2-602.    Colorless.     Occurs  in  ejected  masses  at  Mte.  Somma. 
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Hexagonal.  Axis  6  =  0-4224;  and  mp  =  64"*,  pp'  =  25°  58'.  Earely  in 
priflmatic  crystals  with  a  low  terminal  pyramid.     Usually  massive. 

Cleavage:  prismatic  (m)  perfect;  a  less  so.  H.  =  5-6.  G.  =  2-42-2  5. 
Color  white,  gray,  yellow,  green,  blue,  reddish.  Streak  uncolored.  Luster 
subvitreous,  or  a  little  pearly  or  greasy.  Transparent  to  translucent.  Opti- 
cally  uniaxial,  negative. 

Comp.— H,Na,Ca(NaCO,),Al,(SiOJ,or3H.0.4Na,O.Ca0.4Al.'0,.9Si0..2CO, 
=  Silica  38*7,  carbon  dioxide  6*3,  alumina  29*3,  lime  40,  soda  IT  8,  water 3  9 
=  100. 

Pyr.,  etc. — In  the  closed  tube  gives  water.  B.B.  loses  color,  and  fuses  (F.  =  2)  with 
intupiesceDce  to  a  white  blebby  glass,  the  very  easy  fusibility  distinguishing  it  readily  from 
nephelite.  Effervesces  with  hydrochloric  acid,  and  forms  a  jelly  on  heating,  but  not 
before. 

Diff. — Recognized  in  thin  sections  by  its  low  refraction;  quite  high  interference-colors 
and  negative  uniaxial  character.  Its  common  association  with  nepheute,  sodalite,  etc.,  are 
valuable  characteristics.  Evolution  of  Q0%  with  acid  distinguishes  it  from  all  other  min- 
erals except  the  carbonates,  which  show  much  higher  interference-colors. 

Obs. — Cancrinite  occurs  only  in  igneous  rocks  of  the  nephelite-syenite  and  related  rock 
groups.  It  is  in  part  believed  to  be  original,  i.e.,  formed  directly  from  the  molten  magma; 
in  part  held  to  be  secondary  and  formed  at  the  expense  of  nephelite  by  infiltrating  waters 
holding  calcium  carbonate  in  solution.  Prominent  localities  are  Miask  in  the  Ilmen  Mts.,  in 
coarse- graiued  nephelite-syenite:  similarly  at  Barkevik  and  other  localities  on  the  Lange- 
suud  fiord  in  southern  Norway ;  in  the  parish  of  Euolajftrvi  in  northern  Finland  (where,  asso- 
ciated with  ortliocluse.  aegirite  and  nephelite,  it  composes  a  mass  of  cancrinite-svenite):  at 
Ditr6,  Transylvania,  etc.;  in  nephelite-syenite  of  Sftrna  and  AlnO  in  Sweden,  and  in  Brazil; 
also  in  small  amount  as  an  occasional  accessory  component  of  many  phonolitic  rocks  at 
various  localities. 

In  the  Uuited  St-ites  at  Litchfield  and  West  Cktrdiner,  Me.,  with  elaeolite  and  blue  soda- 
lite.    Nume<l  after  Count  Cnncrin,  Russian  Minister  of  Finance. 

lUicrosomniite.  Near  cancrinite;  perhaps  (Na,E)ioCa4Aljt8ii«OBaSCl4).  In  minute 
colorless  prismatic  crystals  (hexagonal).  From  Vesuvius  (Monte  Somma).  H.  =  6. 
G.  =  2-42-2  53. 

Davynb  is  in  part  at  least  microsommite.    From  Mte.  Somma* 


Sodalite  Group.     Isometric. 

Sodalite  Na,(AlCl)Al.(SiO,), 

Haiiyiiite  (Na„Ca).(NaSO,.Al)Al,(SiO«), 

Hoselite  Na,(NaSO,.Al)Al,(SiOJ. 

Laznrite  Na.(NaS..Al)Al,(SiO.). 

The  species  of  the  Sodalite  Group  are  isometric  in  crystallization  and  per- 
haps tetrahedral  like  the  following  group.  In  composition  they  are  peculiar 
(like  cancrinite  of  the  preceding  group)  m  containing  radicals  with  CI,  SO  and 
S,  which  are  elements  usually  absent  in  the  silicates.  These  are  shown  in  the 
formulas  written  above  in  the  form  suggested  by  Brogger,  who  shows  that 
this  group  and  the  one  following  may  be  included  with  the  garnets  in  a  broad 
group  characterized  by  isometric  crystallization  and  a  close  resemblance  \\\ 
composition.     See  further  under  the  Garnet  Grocp  proper,  p.  414. 

The  formulas  are  also  often  written  as  if  the  compound  consisted  of  a  sili- 
cate and  chloride  (sulphate,  sulphide) — thus  for  sodalite,  3NaAlSiO,  +  NaCl, 
etc. 
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SODAUTB. 

Isometric,  perhaps  tetrahedral.  Common  form  the  dodecahedron.  Twins: 
tw.  pi.  0,  forming  hexagonal  prisms  by  elongation  in  the  direction  of  an 
octahedral  axis  (Fig.  368,  p.  123).  Also  massive,  in  embedded  grains;  in 
concentric  nodules  resembling  chalcedony,  formed  from  elaeolite. 

Cleavage:  dodecahedral,  more  or  less  distinct.  Fracture  conchoidal  to 
uneven.  Brittle.  H.  =  5"5-6.  G,  =  2*14-2'30.  Luster  vitreous,  sometimes 
inclining  to  greasy.  Color  gray,  greenish,  yellowish,  white;  sometimes  blue, 
lavender-blue,  light  red.  Transparent  to  translucent.  Streak  uncolored. 
rij  =  1-4827  Na. 

Comp.— Na,(AlCl)Al,(8iO,),  =  Silica 37-2, alumina 31-6, soda  256, chlorine 
7*3  =  101-7,  deduct  (0  =  2C1)  1*7  =  100.  Potassium  replaces  a  small  part  of 
the  sodium.     The  formula  may  also  be  wTitten  3NaAlSi04  +  NaCl. 

Pyr.,  etc. — lu  the  closed  lube  the  bhie  varieties  become  white  aud  opnque.  B.B.  fuses 
"with  intumescence,  at  35-4,  to  a  colorless  glass.  Decomposed  by  hydrochloric  acid,  with 
separation  of  gelatinous  silica. 

X>i£f.— Recognized  in  thin  sections  bj  its  very  low  refraction,  isotropic  character  and 
lack  of  good  cleavage;  also,  in  most  cases,  by  its  lack  of  color.  Distinguished  from  much 
annlcite,  leucite  and  haQynite  by  chemical  tests  alone;  dissolving  the  mineral  in  dilute  nitric 
acid  and  testing  for  chlorine  is  the  simplest  and  best. 

Obs. — SodaTite  occurs  only  in  igneous  rocks  of  the  nephelite-syenite  and  related  rock, 
groups,  either  directly,  as  is  commonly  the  case,  ns  a  product  of  the  crystallization  of  a 
mngma  rich  in  soda;  also  as  a  pro^luct  associated  with  enclosed  masses  and  bombs  ejected 
with  su'  h  magmas  in  the  form  of  lava,  ns  at  Vesuvius.  Often  associated  with  nephelite 
(or  elaeoliie),  cnncrinite  and  eudialyte.  With  snnidine  it  form  a  sodalite-trachyie  at  Scar- 
rupata  in  Ischia,  in  crystals.  In  Sicily,  Val  di  Noto,  with  nephelite  and  annlcite.  At 
Vesuvius,  in  bombs  on  Monte  Sonima  in  white,  translucent,  do<iecahedral  crystals:  massive 
and  of  a  gray  color  at  the  Kaiserstuhl;  also  near  Lake  Laach.  At  Ditr6,  Transylvania,  in 
an  elseolite-syeniie.  In  the  foyaite  of  southern  Portugal.  At  Minsk,  in  the  Ilmen  Mts.; 
in  the  augite-syenite  of  the  Langesund-fiord  region  in  Norway.  Further  in  West  Green- 
land in  sodnlite  syenite;  the  peninsula  of  Kola. 

A  blue  mas'.ive  variety  occure  at  Litchticld  and  West  Gardiner,  Me.  Occurs  In  the 
theralite  of  the  Crazy  Mt^.,  Montana;  also  at  Square  Butte,  Ilighwood  Mts.,  and  in  the 
Bearpaw  Mts.,  in  tiiiguaite.  Occurs  also  in  the  eliEolitesyenite  of  Brome,  Brome  Co.,  and 
of  Montreal  and  BelcBil,  province  of  Quebec;  at  Dungannou,  Ontario,  in  large  blue  masses 
and  in  small  pale  pink  crystals. 

HAUYNTTX].     HaQyne. 

Isometric.     Sometimes  in  dodecahedrons,  octahedrons,  etc. 

Twins:  tw.  pi.  e;  contact-twins,  also  polysynthetic;  penetration-twins 
(Fig.  367,  p.  123).  Commonly  in  rounded  grains,  often  looking  like  crystals 
with  fused  surfaces. 

Cleavage:  dodecahedral,  rather  distinct.  Fracture  flat  conchoidal  to 
uneven.  Brittle.  H.  =  5*5-6.  G.  =  2*4-2*5.  Luster  vitreous,  to  somewhat 
greasy.  Color  bright  blue,  sky-blue,  greenish  blue ;  asparagus-green,  red, 
yellow.  Streak  slightly  bluish  to  colorless.  Subtransparent  to  translucent; 
often  enclosing  symmetrically  arranged  inclusions  (Fig.  797).    My  =  1*4961. 

Comp.— Na,Ca(NaS04.Al)Al,(Si04),.      This    is  analogous  to  the  garnet 

formula  (Brogger)  where  the  place  of  the  R,  is  taken  by  Na,',  Ca  and  the 

group  Na-0-SO,-0-Al.     The  percentage  composition  is:  Silica  32*0,  sulphnr 

trioxide  142,  alumina  27*2,  lime  10*0,  soda  16*6  =  100.    The  ratio  of  Na,  •  Ca 

•also  varies  from  3:2;  potassium  may  be  present  in  small  amount.      The 

formula  may  also  be  written  2(Na„Ca)Al,(SiO,),  +  (Na,,Ca)S04. 

Pyr..  etc. — Tn  tbe  rlose<l  tube  retains  its  color  B  H.  in  tbe  forceps  fuses  at  4*5  to  a 
white  glnsM.  FuKe'l  with  soda  on  rhnrmal  iiiTords  a  sulphide,  which  blackens  silver. 
Decomposed  by  hydrochloric  acitl  with  sepaiaiioo  of  gelatinous  silica. 
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Obi. — Cummon  Id  certain  ignrous  rocks,  tliua  in  bnQyaophyre,  iti  pbonolile,  teplirlte; 
very  coinoiouly  uBsocialed  willi  DeplitrDtB  ami  leiicite.  Uuciirtt  in  ibe  VesuvlitD  luvos,  on 
Mte.  Soiiimu;  ai  Heiti,  on  Mt.  ViiKur,  Naples;  io  ibe  kvas  of  ihe  Campagua,  Itome,  also 


Section  of  crystals  of  hnUyiiile  (after  HObI). 
Id  tbe  peperioo  Dear  AlbaDo;  at  Niedermetidlg.  in  tlie  Eifel;  the  pbonol lies  of  Hobcnt- 

Noiallte  or  Nosean.  Near  bnayaite.  but  contains  tittle  or  no  lime.  Color  grajrlsli, 
Lluisb,  browiilab;  sometime*  uearly  oiHtqne  from  Ibe  presence  of  incliuions  {et.  Fig.  797). 
Not  UDCommou  in  pboDollte.     At  ADderDiich,  tbe  Laacber  See,  and  elsewberu. 

LAZTTBITEl.    Lapis- Lazuli.    Lnsuriie. 

Isometric.     In  cubes  and  dodecahedrons.     Commonly  massive,  compact. 
Cleavage  :     dodecahedml,    imperfect.      Fracture    uneven.      H.  =  5-5'5. 
G.  =  2'38-3'45.    Luster  vitreous.    Color  ricli  Berlin-blue  or  azure-blue,  violet- 
blue,  greenish  blue.     Translucent. 

Corap. — Esaentially  Na.(NaS,.AI)A]  (SiO,),  (Brogger),  but  containing  also 
in  molecular  combiuation  liauyiiite  and  sodalite.  The  percentage  composition 
of  this  ultramarine  compound  is  as  foilows:  Silica  31'7,  alumina  2G'9,  soda 
27-3,  sulphur  169  =  103-9,  or  deduct  (0  =  S)  2-9  =  100. 

The  lieterogeDeouschnrat'tcr  ofwliatbiid  lotie  passed  as  a  simple  mineral  iiniler  ibc  nnme 
Lopis-lazuli  was  shown  by  Fischer  (1809),  Zirkel  {I87B).  and  itime  fully  by  VngelsiiDgdBIB). 
Tlie  ordiiinry  niiturai  lapu  lutnli  (Lasnraieiii)  is  shown  by  BrOgiwv  and  Backslvain  to  coii- 
laiD  lazuriie  ur  haQynite  (sometimes  cliaiiKS'l  to  a  zmlUe),  a  diupside  free  triim  inin.  iiinpbi- 
bole  (koksharovite).  tDica  (mitscnviie).  cnlcilc.  pyrile:  alho  in  sinni;  varii'tit-s  In  reliiliVL-ly 
small  amount  scapolite.  pliigloclase,  orlhorlnsu  (micropcrtbite?),  npatile.  titiiuite.  zircon, 
and  nn  undetermined  minoml  opiioally  -f-  and  probably  uuiiiiial.  Reg:irded  by  UiOgger  as 
a  resnlt  of  conmct  meumorpblsm  In  limeslnne. 

Pyr.,  etc.— Hciiteil  In  (he  rl()8ed  lube  gives  off  some  moisture;  tbe  variety  from  Chill 
glows  with  a  beetle-green  light,  but  Ihe  color  of  the  mineral  remains  blue  on  cooling. 
Fuses  easily  (3)  with  intumescence  Io  a  while  glnss.  Di'comt>osecl  by  hydrochloric  acid, 
with  sepiirntlon  of  gelatinous  silica  nnd  evotiilion  of  hvdrogen  sulpliide. 

Obs.— Occurs  in  Badnkshan  in  Ihi-  valley  of  the  Kokcbu,  a  brancli  of  tbe  Oxus,  a  few 
miles  ntiove  FIrgamu.  Also  at  the  south  end  of  L.  Baikal.  Further,  in  Cbili  in  tbe  Andes 
«r  Ovalle.     In  ejected  masses  ikt  Monle  Somma.  rare. 

The  richly  ciilored  varleiies  oMnpIs  lazuli  are  hic'iiy  esteemed  for  cosily  va'iea  and  orna- 
mental fiirDilnre;  also  employed  In  Ihe  mimufiiclui^  of  mo'sics;  ami  when  powdered  con- 
stitutes tbe  rick  and  dunible  paint  cnlled  iiltT'inmriiu.  Thli  lias  beeD  replaced,  bowever, 
by  artiflcial  ultramarine,  now  an  imporlant  couimerclal  product. 


Helvltc  Oroiip.     Isometric-tetrahedral. 
Helvtte  (Mii.Fo),(Mti,S)Be,(SiO,), 

DanaUtB  (Fe.Zii,Mn),{(Zn,Fe),S)Bo,(SiO.), 

Enlytite  Bi.(SiO,>. 

Znnyite  (Al(OH,F,CI),).A],(SiO.), 

The  ITei.vite  Gboup  includes  several  rare  species,  isometric-tetrahedral  in 
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crystallization  and  in  composition  related  to  the  species  of  the  SoDAUTS 
Group  and  also  to  those  of  the  Garnet  Group  which  follows: 


Isometric-tetrahedral.  Commonly  in  tetrahedral  crystals;  also  in  spheri- 
cal masses. 

Cleavage:  octahedral  in  traces.  Fractare  uneven  to  conchoidal.  Brittle. 
H.  =  6-6*5.  G.  =  3'16-3*36.  Luster  vitreous,  inclining  to  resinous.  Color 
honey-yellow,  inclining  to  yellowish  brown,  and  siskin-green,  reddish  brown. 
Streak  uncolored,     Subtransparent.     n  =  1'739.     Pyroelectric. 

Comp.— (Be,Mn,Fe),Si,0„S.  This  may  be  written  (Mn,Fe),(Mn,S)Be.(SiO  ), 
(Brogger),  analogous  to  the  Garnet  Group,  the  bivalent  group  -Mn-S-Mn 
taking  the  place  of  a  bivalent  element,  R,  and  3Be  corresponding  to  2A1,  of. 
p.  415.     Composition  also  written  3(Be,Mn,Fe)aSiO^.(Mn,Fe)S. 


:..  etc. — Fuses  at  8  iu  R.F.  with  iu tumescence  to  a  yellowish-brown  opnque  bead, 
becoming  darker  iu  R.F.  With  the  fluxes  gives  the  mangiinese  reaction.  Decomposed  by 
hydrochloric  ncid,  with  evolution  of  hydrogen  sulphide  and  separation  of  gelatinous  idlica. 
Obs. — Occurs  at  Schwarzenherg  and  Breitenbruun,  iu  Saxony;  at  Eapnik.  Ilungary; 
also  in  the  pegmatite  veins  of  the  aueite-syenite  of  the  Langesund  fiord:  in  the  Ilmeu  Mts. 
near  Minsk  in  pegmatite.  In  the  U.  S.,  with  spessartite  at  the  mica  mines  near  Amelia 
Court^House,  Amelia  Co.,  Va.;  etc.  Named  by  Werner,  in  allusion  to  its  yellow  color, 
from  7}Xto?,  the  aun. 

Danalite.  (Be,Fe.Zn.Mn)7SisOiad.  In  octahedrons;  usually  massive.  H.  =  5*5-6. 
G.  =  8*427.  Color  flesh-red  to  gray.  Occurs  in  small  grains  in  the  Rockport  granite. 
Cape  Ann,  Muss.;  at  the  iron  mine  at  Bartlett,  N.  H.;  £1  Paso  Co.,  Colorado. 

Eul3rtite.  BitSitO.a.  Wismuthblende,  Kieselwismuth  G'tm.  Usually  in  minute 
tetrahe.'iral  crystals;  also  iu  spherical  forms.  H.  =  4*5.  G.  =  6106.  Color  dark  hair- 
brown  to  grayish,  straw-yellow,  or  colorless.  Found  with  native  bismuth  near  Schnee- 
berg.  Saxony;  also  at  Johanngeorgenstadt  in  crystals  on  quartz. 

Zunyite.  A  highly  basic  orthosilicate  of  aluminium,  (Al(OH.F,Cl)s)«AU8isOit.  In 
minute  transparent  tetrahedrons.  H.=  7.  G.=  2*875.  From  the  Zufii  mine,  near  8il?er- 
ton,  San  Juan  Co.,  and  on  Red  Mountain,  Ouray  Co.,  Colorado. 


4.  Garnet  Group.     Isometric. 
R,R,(S\OJ,  or  3RO.R,0,.3SiO,. 

n  n      n  m  m  m 

R  =  Ca,Mg,Fe,Mn.         R  =  Al,Fe,Cr,Ti. 


n  in 


(}amet 

A.  Grossularite  Ca,Al,(SiO,),        D.  Spessartite    Mn,Al,(SiOJ, 

B.  Pyrope  Mg.Al,(SiOJ,       E.  Andradite     Ca.Fe,(Si04), 

C.  Almandite       Fe,Al,(SiOJ,  Also     (Ca,Mg),Fe,(SiOJ„ 

Oa.Fe,((Si,Ti)0,). 
F.  UvAROViTE      Ca,Cr,(SiOj, 
Schorlomite  Ca.(Fe,Ti),((Si,Ti)OJ, 

The  Garxet  Group  includes  a  series  of  important  sub-species  included 
nnder  the  same  specific  name.  They  all  crystallize  in  the  normal  group  of 
the  isometric  system  and  are  alike  in  habit,  the  dodecahedron  and  trapezo- 
hedroii  being  the  common  forms.  They  have  also  the  same  general  formula, 
and  while  the  elements  present  differ  widely,  there  are  many  intermediate 
Tarieiies.     Some  of  the  garnets  include  titanium,  replacing  silicon,  and  thus 
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they  are  connected  with  the  rare  specieB  Bchorlomite,  which  probably  also  has 
the  same  general  formula. 

Cloiwlj'  related  to  ibe  Gakmet  Oboup  proper  are  tb«  apedea  of  tbe  Sodallte  and  HelTile 
Groups  (p.  411,  p.  413).  All  are  cbancierlzed  by  isometric  crysiilHsatJOD,  und  all  are 
ortbosiliCBtes,  vlib  ilmltitr  cbemlcsl  atructura.    TbuR  tbe  fortnula  of  tbe  Qarnei  Group  Is 

K>R,(SiO,l.i  to  tliiB  SodBlile  conforms  If  written  N)i,(AIGl)A1,(SiO,)i.  wLere  Na,  aad  tb« 
biTaleiit  radical  AlCI  are  equlvaleat  to  Bi;  similarly  for  Noselite  (HuQjulte)  if  ihu  preseoce 
of  tbe  hlyiileut  group  NaSO(-Al  Is  auumed. 

Ill  Ibe  Uelvite  Group,  wblcli  is  cbaraclerized  bj  the  teii&bedml  character  ot  tbe  species 
(perlinpe  true  also  of  Ibe  SodaliteB),  tbe  chemical  relatloa  is  leas  cloEe  btit  probably  exUis, 
as  exhibited  by  wriliog  the  formula  of  HelvUe  (Hu,FeKMD,8}Be.(SlO0i.  where  the  binleut 
group  -S-Hu-S-  enters,  sod  8Be  may  be  regiirdeii  as  takiug  the  place  of  2AI. 


Isometric.  Tbe  dodecahedron  and  trapezobedron,  n  (211),  the  cotnmoD 
simple  forms;  also  these  in  combination,  or  with  the  heioctabedron  s  (321). 
Cubic  and  octahedral  faces  rare.  Often  in  irregnlar  embedded  grains.  Also 
massive;  granular,  coarse  or  fine,  and  sometimes  friable;  lamellar,  lamellsa 
thick  and  bent.     Sometimes  compact,  cryptocrystalline  like  nephrite. 


Parting:  d  aometimea  rather  distinct.  Fractnre  subconchoidal  to  uneven. 
Brittle,  sometimes  friable  when  granular  massive;  very  tough  when  compact 
cryptonrystalliue.  H.  =  65-75.  G.  =  315-4'3,  varying  with  the  composi- 
tion. Luster  vitreous  to  resinous.  Color  red,  brown,  yellow,  wliite,  apple- 
freen,  black;  some  red  and  green,  colors  often  bright.  Streak  white, 
'ransparent  to  subtranslucent.  Often  exhibits  anomalous  double  refraction, 
especially  grossularite  (also  topazolite,  etc.),  see  Art.  411.  Refractive  index 
rather  high,  thus  n,  for: 

QroaaulaTlle  1-T640,  Pyrope  1 -7776,  Almaudlta  1-7710. 
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II  III 

Comp.,  Var. — An  ortliosiliciite  having  the  general  formula  K,K,(SiO^),  or 
3RO.R,0».3SiO,.  The  bivalent  element  may  bo  calcium,  magnesium,  ferrous 
iron  or  manganese;  the  trivalent  element,  aluminium,  ferric  iron  or  chromium, 
rarely  titanium;  further,  silicon  is  also  sometimes  replaced  by  titanium. 

There  are  three  prominent  groups,  and  various  subdivisions  under  each, 
many  of  these  blending  into  each  other. 

I.  Aluminium  Garnet,  including 

A.  Grossularitb     Calcium- Aluminium  Garnet        Ca,Al,(SiOJ, 

B.  Pyrope  Magnesium-Aluminium  Garnet  Mg,Al,(SiOj, 

C.  Almandite  Iron-Aluminium  Garnet  Fe,Al,(SiOJ, 

D.  Spessartitb        Manganese- Aluminium  Garnet    Mn,Al,(SiOj, 

II.  Iron  Garnet,  including 

E.  Andradite         Calcium-Iron  Garnet  Ca,Fe,(SiO^), 
(1)  Ordinary.    (2)  Magnesian.   (3)  Titaniferous.   (4)  Yttriferoug. 

III.  Chromium  Garnet, 

F.  Uvarovite  Calcium-Chromium  Garnet         CatCr,(Si04)t 

The  name  Garuet  Is  from  tbe  Latin  granatus,  meaning  like  a  grain,  and  directly  from 
pomegranate^  tiie  seeds  of  wbicli  are  small,  numerous,  and  red,  in  allusion  to  the  aspect  of 
the  crystals. 

A.  Grossularite.  Essonite  or  Ilessonite.  Cinnamon-stone.  Calcium^ 
aluminium  Garnet,  Formula  3CaO.Al,0,.3SiO,  =  Silica  40  0,  alumina  22*7, 
lime  37  3  =  100.  Often  containing  ferrous  iron  replacing  the  calcium,  and 
ferric  iron  replacing  aluminium,  and  hence  graduating  toward  groups  C  and 
E.  'G.  =  3  55  to  3()G.  Color  (a)  colorless  to  white;  {b)  pale  green ;  {c)  amber- 
and honey-yellow;  {d)  wine-yellow, brownish  yellow, cinnamon-brown;  (e)  rose- 
red;  rarely  (/)  emerald-green  from  the  presence  of  chromium.  Often  shows 
optical  anomalies  (Art.  411). 

The  original  grossularite  (iciluite  pt.)  included  the  pale  preen  from  Siberia,  and  was  so 
Darned  from  tbe  botanical  name  for  the  gooseberry;  G.  =  8*42-3 -73.  Cinnamon 'Stone,  or 
esBonite  (more  \no\^Qv\y  ftessotiite),  included  a  cinnamon-colored  variety  from  Ceylon,  there 
called  hyacinth;  but  iiiuUrr  this  nnme  the  yellow  and  yeilowish-red  kinds  are  usually 
included;  named  from  yaaooy,  inferior,  because  of  less  hardness  th.-m  the  true  hyacinth 
which  it  resembles.  Succinite  is  an  amber-colored  kind  from  the  Ala  valley.  Piedmont. 
Bomanzovite  is  brown. 

Pale  p:reen.  yellowish,  and  yellow  brown  garnets  are  not  invariably  grossularite;  some 
(including  topazolite,  demantoid,  etc.)  belong  to  the  group  of  Calciumlrou  Qaruet,  or 
Andradite. 

B.  Pyrope.  Precious  garnet  pt.  Maqnesium-aJuminium-  Garnet.  For- 
mula 3MgO.Al,0,.3SiO,  =  Silica  4-4-8,  alumina  25*4,  magnesia  29-8  ==  100. 
Magnesia  predominates,  but  calcium  and  iron  are  also  present;  the  original 
pyrope  also  contained  chromium.  O.  =  370-3-75.  Color  deep  red  to  nearly 
olack.  Often  perfectly^  transparent  and  then  prized  as  a  gem.  The  name 
pyrope  is  from  nDpoono^;,  fire-like. 

RhodoHte,  of  delicate  shades  of  pule  rose-red  and  purple,  brilliant  by  reflected  lifjht, 
corresponds  in  composition  to  two  parts  of  pyrope  and  one  of  almandite;  fn)m  Macon  Co., 
N.  C. 

C.  Almandite.  Almandine.  Precious  garnet  pt.  Common  garnet  pt. 
Iron-aluminin7n  Garnet.  Formula  3FeO.Al,0,.3SiO,  =  Silica  36*2,  alumina 
20*5,  iron  protoxide  43*3  =  100.  Ferric  iron  replaces  the  aluminium  to  a 
greater  or  less  extent.     Magnesium  also  replaces  the  ferrous  iron,  and  thus 
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it  graduates  toward  pyrope,  cf.  rhodolite  above.  O.  =  3*9-4*2.  Color  fine 
deep  redy  transparent^  in  precious  garnet:  brownish  red,  translucent  or  sub- 
translucent^  in  common  garnet;  black.  Part  of  common  garnet  belongs  to 
Andradite. 

Tbe  Alabaudic  carbuncles  of  Pliny  were  so  called  because  cut  and  polisbed  at  Alabanda. 
Hence  the  name  almundine  or  almandite,  now  iu  use. 

D.  Spessartite.  Spessartine.  Manganese-aluminium  Garnet.  Formula 
3MnO.Al,0,.3SiO,  =  Silica  36*4,  alumina  20*6,  manganese  protoxide  43  0  = 
100.  Ferrous  iron  replaces  the  manganese  to  a  greater  or  less  extent,  and 
ferric  iron  also  the  aluminium.  Q.  =  4*0-4*3.  Color  dark  hyacinth-red, 
sometimes  with  a  tinge  of  violet,  to  brownish  red. 

£.  Andradite.  Common  Garnet,  Black  Garnet,  etc.  Calcium-iron 
Garnet.  Formula  3CaO.Fe,0,.3SiO,  =  Silica  35*5,  iron  sesquioxide  31*5, 
lime  33*0=  100.  Aluminium  replaces  the  ferric  iron;  ferrous  iron,  manga- 
nese and  sometimes  magnesium  replace  the  culcium.  G.  =  3*8-3*9.  Colors 
various:  wine-,  topaz-  and  greenish  yellow,  apple-green  to  emerald -green; 
brownish  red,  brownish  yellow;  grayish  green,  dark  green;  brown;  grayish 
black,  black. 

Named  Andradite  after  tbe  Portuguese  mineralogist,  d'Andrada,  wbo  iu  1800  descHbed 
and  named  one  of  tbe  included  subvaneties,  Allocbroite.  Cbemically  tbere  are  tbe  follow- 
ing varieties: 

1.  Simple  Calcium-iron  Garnet,  in  wbicb  tbe  protoxides  are  wbolly  or  almost  wbolly 
lime.  Includes:  (a)  Topazoliiet  baving  tbe  color  and  transpiireucy  of  topaz,  and  tiUo 
sometimes  green;  crystaU  often  sbowiu^  a  vicinal  bexoctabedron.  Uemantoid,  a  gntssgreen 
to  emerald-green  variety  witb  brilliant  diamond-like  luster,  used  os  a  gem.  (b)  Colophoniie, 
a  coarse  granular  kind,  browuisb  yellow  to  d>irk  reddisb  brown  in  color,  resinous  in  luster, 
and  usually  witb  iridescent  bues;  named  t.fier  tbe  resin  colophony,  (c)  Melt.nite  (from 
^idXiXi.  black),  black,  eitber  dull  or  lustrous;  but  all  blxck  garnet  is  i:ot  here  included. 
Pyreneiie  is  grayisb  black  melauite.  {d)  Dairk  green  jiarnet,  not  distinguisbable  from  some 
allocbroite,  except  by  cbemical  trials. 

2.  ManganeHtm  Calcium-iron  Oarnet.  (a)  RotJuffile,  Tbe  original  aHochivite  was  a 
irangnnesian  iron  g:irnet  o  brown  or  reddisb- brown  (olor,  and  of  fine-grained  mn>8ive 
structure,  liothoffite,  from  L&uglmn.  is  similar,  yel  owish  brown  to  liver-brown  Olber 
common  kinds  of  mungancsian  iron-garnet  are  ligbt  and  dark,  dusky  green  and  black,  and 
ofteu  in  crystals.  Polyadelphite  is  a  massive  bi-ownisb-yellow  kind.  Ironi  Franklin  Furnace, 
N.  J.  Bredbergite,  from  bala,  contains  a  large  am(»unt  of  magnesia,  {b)  ApUme  (properly 
baplome)  lias  its  dodecabedriil  faces  striated  parallel  to  t)ie  sborter  diagonal,  whence  Hatty 
inferred  that  tbe  fundamental  form  was  tbe  cube;  and  as  tbis  form  is  simpler  iban  the 
dodecabedron.  be  gave  it  a  name  derived  from  awAdo^,  simple.  Color  of  tlie  original 
aplome  (of  unknown  locality)  dark  brown;  also  found  yellowish  green  and  brownish  green 
at  Schwarzenberg  in  Saxony,  and  on  tbe  Lena  in  Siberia. 

3.  Titaniferoun.  Contains  titanium  and  probably  both  TiOs  and  IM^iOs;  formula  hence 
8CaO.(Fe,Ti.  Al)aO,.3(Si,Ti)0,.     It  thus  graduates  toward  s<!liorloniite.     Color  black. 

4.  Fitriferoue  Calcium-iron  Oarnet;  TUergranat.  Contains  yttria  in  &mall  amount; 
rare. 

F.  TJvAROViTE.      Ouvarovite.      Uwarowit.      Calcium-chromium    Garnet, 

Formula  3CaO.Cr,0,.3SiO,  =  Silica  35*9,  chromium  sesquioxide  306,  lime 

33*5  =  100.     Aluminium  takes  the  place  of  the  chromium  in  part.     H.  =  7*5. 

G.  =  3'41-3-52.     Color  emerald-green. 

Pyr.,  etc. — Most  varieties  of  garnet  fuse  easily  to  a  ligbt  brown  or  black  glass;  F.  =  8 
in  almandite,  spessartite.  grossularite,  and  allocbroite;  8*5  in  pyrope;  but  uvarovite,  the 
chrome-garnet,  is  almost  infusible,  F.  =  6.  ^Allocbroite  and  almandite  fuse  to  a  magnetic 
globule.  Reactions  witb  the  fluxes  vary  witb  tbe  bases.  Almost  all  kinds  react  for  iron; 
strong  manganese  reaction  in  spe^saitite,  and  less  marked  in  other  varieties;  a  chromium 
reaction  in  uvarovite,  and  in  most  pyrope.  Some  varieties  are  partially  decomposed  by 
acids;  all  except  uvarovite  are  afiiBr  ignition  decomposed  by  hydrochloric  acid,  and  gen- 
erally with  separation  of  gelatinous  silica  on  evaporation.  Decomposed  on  fusion  with 
alkaline  carbonates. 
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Tbe  density  of  garneu  xa  largely  dimiuisbed  by  fusion.  Thus  a  Greenland  garnet  fell 
from  3-90  to  3-05  ou  fusion,  aud  u  Vilui  grossularite  fn)m  3*63  to  2*95. 

Diff.— Characterized  by  isometric  crystallization,  usually  in  isolated  crystals,  dodecahe- 
drons or  trapezohedrous:  massive  forms  rare,  then  usually  granular.  Also  distinguished  by 
hardness,  vitreous  luster,  and  in  tbe  conimon  kinds  the  fusibility.  Yesuvianite  fuses  more 
easily,  zircon  aud  quartz  are  iufubible.  the  specific  gnivity  is  higher  than  fur  tourmaline, 
from  which  it  differs  in  form;  it  is  much  harder  than  sphalerite. 

Distinguished  in  thin  sections  by  its  very  high  relief;  lack  of  cleavage;  isotropic 
character;  usually  shows  a  pale  pink  color;  sometimes  not  readily  told  from  some  of  the 
spinels. 

Obs. — GrosMulariU  is  especially  characteristic  of  metamorphosed  impure  calcareous 
rocks,  whether  altered  by  local  igneous  or  general  metamorphic  processes;  it  is  thus 
commonly  found  in  the  contact  zone  of  intruded  igneous  rocks  and  in  the  crystalline  schists. 
Almandite  is  characteristic  of  the  mica  schists  and  metamorphic  rocks  containing  alumina 
and  iron;  it  occurs  also  in  some  igneous  n>cks  as  the  result  of  later  (iyn.imic  and  metamor- 
phic processes;  it  forms  with  smanigdiie  the  rock  eclogile.  Pyrope  isespecialiy  character- 
istic of  such  basic  igneous  rocks  as  are  formed  from  magmas  containing  much  magnesia 
and  iron  with  little  or  no  alkalies,  as  the  peridoiites,  dunites,  etc.;  also  found  in  the 
serpentines  formed  from  these  rocks;  the:i  often  associated  with  spinel,  chromite,  etc. 
Spessariite  occurs  in  granitic  rocks,  in  quartzitc*.  in  whetstone  schists  (Belgium);  it  has 
been  noted  with  topaz  in  lithophyses  in  rliyolile  (Colonido).  The  black  variety  of  andrudite, 
melanite,  is  common  in  eruptive  rocks.  es|)ecially  with  uephelite,  leucitc,  thus  in  phonolites, 
gQ^  leucitophyres,  nepheliuites:  in  such  cases  often  titanifer- 

ous  or  associated  with  a  titauiferous  garnet,  sometimes  in 
zonal  intergrowth;  it  also  occurs  as  a  product  of  contact 
metamorpliism.  DemanUnd  occurs  in  ser|)eutine.  Utaro- 
nte  belongs  particularly  with  chromite  in  serpentine;  it 
occurs  also  in  granular  limestone. 

Garnet  crystals  often  contain  inclusions  of  foreign 
matter,  but  only  in  part  due  to  alteration;  as.  vesuviauite, 
calcite.  epidote.  quartz  (Fig.  472,  p.  141);  at  times  the 
garnet  is  a  mere  shell,  or  perimorph,  surrounding  a  nucleus 
of  another  species.  A  black  garnet  from  Arendal,  Nor- 
way, contains  both  calcite  and  epidote:  crystals  from 
Tvedestrand  are  wholly  calcite  within,  there  being  but  a 
thin  crust  of  garnet.  Crystals  from  East  Wo<)dstock, 
Maine,  are  dodecahedrons  with  a  thin  shell  of  cinniu 
mon*stone  enclosing  calcite;  others  from  Raymond,  Me., 
show  successive  fayers  of  garnet  and  calcite.     Many  such  cases  have  bern  noted. 

Garnets  are  ofien  altered,  thus  to  chlorite,  serpeniine;  even  to  limoniie.  Crystals  of 
pyrope  are  sometimes  surrounded  by  a  chloritic  zone  (kelyphite  of  Schrauf)  not  homoge* 
neons,  as  shown  in  Fig.  804. 

Am<)ng  prominent  foreign  localities  of  garnets,  besides  those  already  mentioned,  are  the 
following— GuossuLAKiTE:  Fine  cinnamon-Btotie  comes  from  Ceylon;  on  the  Mussa-Alp  in 
the  Ala  valley  in  Piedmont,  with  clinochlore  and  diopside;  atZermatt;  pale  yellow  at  Auer- 
bach;  brownish  {romanzavite)  at  Kimito  in  Finland:  honey-yellow  ocUihedron»  in  Elba;  pale 
greenish  from  the  banks  of  the  Vilui  in  Siberia,  in  serpentine  with  visuvianite;  also  from 
Cziklowa  and  Orawiiza  in  the  Banat;  with  vesuvfanite  and  wollastonite  in  ejected  masses  at 
Vesuvius;  in  while  or  colorless  cryst^ils  in  Tellemark,  in  Norway;  also  dark  brown  at  Mudgee, 
New  South  Wales;  dark  honey-yellow  at  Guadalcazar.  and  clear  pink  or  n>8e*red  dodeca- 
hedrons at  Morelos,  Mexico. 

Pyrope:  In  serpentine  (from  peridotite)  near  Meronitz  and  the  valley  of  Krems,  in 
Bohemia  (used  as  a  gem);  at  Zdblitz  in  Saxcmy;  in  the  Vosgcs;  in  the  diamond  diggings  of 
South  Africa  ("Cape  rubles").  Almandite:  Common  in  granite,  gneiss,  eclogite,  etc., 
in  many  localities  in  Saxony,  Silesia,  etc.;  at  Eppenreuth  near  Hof,  Bavaria;  in  large 
dodecahedrons  at  Falun  in  Sweden  :  hyacinth-red  or  brown  in  the  Zillerthal.  TyroL 
Precious  garnet  comes  in  tine  crystals  from  Ceylon,  Pegu.  British  India,  Brazil,  and  Green- 
land. Spebhaktitb:  From  Aschaffenburi^  in  the  Spessart,  Bavaria;  at  St.  Marcel,  Pied- 
mont; near  Chun teloube.  Haute  Vienne.  etc. 

Andkadtte:  The  beautiful  green  devuintoid  or  *'VYi\\\\\u  emerald  "  occurs  in  transparent 
greenish  rolled  pebbles,  also  in  crystals,  in  tbe  gold  wiishings  of  Niz'  ni-Tagilsk  in  the  Ural; 
green  crystals  occur  at  Schwarzen berg.  Saxony  ;Drown  to  green  at  Morawitza  and  Dognacska; 
emerald-green  at  Dobjschau;  in  the  Ala  valley.  Piedmont,  the  yellow  to  greenish  topamMU, 
Alloehraite,  apple-green  and  yellowish,  occurs  at  Zermatt;   black  crystals  {melanite),  alsa 
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browD,  at  Vesuvius  on  Mte.  Somma;  near  Bareges  in  the  Hautes-Pyrenees  (pyreneite). 
Aplome  occurs  ut  Schwnrzeuberg  in  Suxouy,  in  brown  to  black  crysluls.  Other  localities  are 
Ptitschlhnl.  Tyrol;  L&ngban,  Sweden;  Pitkftranta,  Finland;  Arendnl,  Norway.  Uvarovitb: 
Found  at  Sarauovskaya  near  Bisersk,  also  in  tlie  vicinity  of  Kyshtymsk,  Urnl.  in  cbromic 
iron;  ut  JordunsmQhl,  Silesia;  Pic  Posets  near  Veuasque  in  the  Pyrenees  on  cliromite. 

In  N.  America,  iu  Maine,  beautiful  crystals  of  cinnamon-stone  (witli  vesuvianite)  occur 
at  Pursonsfield,  Phippsburg,  and  Rumford.  In  N.  Hamp.,  at  Hanover,  small  clear  crystals 
in  gneiss;  ut  Warren,  cinnamon  garuets:  at  Grafton.  In  Vermont,  at  New  Fane,  in  chlorite 
slate.  In  Miiss  ,  in  gneiss  at  Brookfield;  iu  fine  dark  red  or  nearly  black  trupezohedral 
crystals  at  Kussell,  sometimes  very  large.  In  Conn  ,  trapezohedrons,  in  mica  slate,  at  Reading 
and  Monroe;  dodecahedrons  at  Southbury;  at  Haddam,  crystals  of  spessartite.  In  iV.  York, 
brown  crystals  at  Crown  Point,  Essex  Co.:  colopbonite  as  a  large  vein  at  Willsl)oro.  Essex 
Co.;  in  Middletown,  Delaware  Co..  large  brown  cryst.;  a  cinnamon  variety  at  Amity.  In 
N.  Jersey,  at  Franklin,  black,  brown,  yellow,  red,  and  green  dodecahedral  garuets;  also 
near  the  Franklin  Fxinuice  (polyadelphite).  In  Penn.,  in  Chester  Co.,  at  Pennsbury,  fine 
dark  brown  crystals;  near  Kuauertown;  at  Chester,  brown;  in  Concord,  on  Green's  Creek, 
resembling  pyrope;  in  Leiperville.  red;  at  Mineral  Hill,  fine  brown:  at  Avondale  qunrry. 
fine  hessonite;  uvarovile  at  Woods*  chrome  mine,  Lancaster  Co.  In  Virginia,  heauiiful 
transparent  spessartite,  used  as  a  gem,  at  the  mica  mines  at  Amelia  Court-Hou.«c.  In  N. 
Carolina,  fine  cinnamon-stone  at  Bakersville;  red  erarnets  in  the  gold  washings  of  Burke, 
McDowell,  and  Alexander  counties;  rJiodolite  iu  Macon  Co.;  also  mined  near  Morgantown 
and  Warlich,  Burke  Co.,  to  be  used  as  '"emery,"  and  as  "garnet-paper."  In  Kentucky, 
fine  pyrope  in  the  peridotito  of  Ellis  Co.  In  ArkanMS,  at  Magnet  Cove,  a  titaniferous 
Dtelanite  with  schorlomite.  Large  dodecahedral  crystals  altered  to  chlorite  occur  at  the 
Spurr  Mt.  iron  mine.  Lake  Superior.  In  Colorado,  at  Nathrop.  fine  spessartite  crystals  in 
lithophyses  iu  rhyolite;  in  large  dodecahedral  crystals  at  Ruby  Mt.,  Salida,  Chaffee  Co., 
the  exterior  altered  to  chlorite.  In  Ariionat  yellow -green  crystals  in  the  Gila  cafion;  pyrope 
on  the  Colorado  river  in  the  western  part  of  the  territory.  New  Mexico,  fine  pyrope  on  the 
Navajo  reservation  with  chrysolite  and  a  chrome- pyroxene.  In  California,  green  with  copper 
ore,  Hope  Valley,  El  Dorado  Co  ;  uvarovite,  in  crystals  on  chromite,  at  New  Idria.  Fine 
crystals  of  a  rich  red  color  and  an  inch  or  more  in  diu meter  occur  in  the  mica  schists  at 
Fort  Wrangell,  mouth  of  the  Stickcen  R.,  in  Alaska. 

In  Canada,  at  Marmora,  dark  red:  at  Grenville,  a  cinnamon-stone;  an  emerald-green 
chrome-garnet,  at  Orford,  Quebec,  with  millerite  and  calcite;  fine  colorless  to  pale  olive- 
green,  or  brownish  crystals,  at  Wakefield,  Ottawa  Co.,  Quebec,  with  white  pyroxene, 
honey-yellow  vesuvianite,  etc.,  also  others  briglit  green  carrying  chromium;  dark  re<J  garnet 
iu  the  townships  of  Villeneuve  (spessartite)  and  '^mpleton. 

Schorlomite.  Probably  analogous  to  garnet,  8CaO.(Fe.Ti)aOs.3(Si,Ti)Oa.  Schorlamit. 
Usually  massive,  black,  with  conchoidal  fracture  and  vitreous  luster.  H.  =  7-7*5.  G.  = 
8  81-3 '88.    From  Magnet  Cove,  Arkansas. 


Partschinite.  (Mn,Fe)«A1«SiaOi9  like  spessartite.  In  small  dull  crystals  (monoclinic). 
H.  =  6*5-7.  G.=  4*006.  Color  yellowish,  reddish.  From  the  auriferous  sands  of  Oldhpiao, 
Transylvania. 

Agricolite.  Same  as  for  eulytite,  Bi4SiiOi«,  but  monoclinic.  In  globular  or  semi- 
globular  forms.    From  Johanngeorgeustadt. 


Chrysolite  Group. 
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The  Chbtsolitk  Group  inclndes  a  series  of  orthosilicates  of  magnesiDin, 
calcium,  iron  and  maDganese.  The;^  ^1'  crTstallize  in  the  or  t  ho  rhombic  system 
with  but  little  variation  in  azial  ratio.  The  prismatic  angle  is  about  50  ,  and 
that  of  the  unit  brachjdome  about  60°;  corresponding  to  the  latter  threefold 
twins  are  observed.  The  type  species  is  chrysolite  (or  olivine),  which  contains 
both  magnesium  and  iron  in  varyiug  proportions  and  is  hence  intermediate 
between  the  comparatively  rare  niagiiesium  and  iron  silicates. 

In  form  the  species  ol  llie  Cliryvoliie  Group,  RiSiO.,  are  closely  related  in  aosle  to 
Chrysoberyl.  BeA!,0,i  also  somewiiul  leu  closely  lo  itie  species  ot  the  Diaspore  droup, 
H,A.t,0,.  etc.  cr.  BrOpger,  Zi.  Kryat..  18.  »i7.  1HM>.  There  is  also  an  iuterestiDg  ivliition 
between  tlie  cbryaoliies  mid  the  huiiiitei  isee  p,   44S> 


OHfiTSOUTE.     Olivine.     Peridot, 
Orthorhombic.     Axes  d  ih  :  d  =  046575  : 
80S.  800.  mm 


1  :  0-5865. 

,  no  A  no 

l-iO  A  i-iO 

101  A  101 

021  A  05l 

111  A  111 

Twins  rare:    tw.  pi.  k  (Oil)  with  en  =  60° 

I",   penetration-twins,    sometimes    repeated; 

V.  pi.  IP  (012),  the  vertical  axes  crossing  at  an 

igleof  about  30°,  since  cc=  33°  41'.    Crystals 

often  flattened  f  a  ot  i»  (of.  Fig.  G2,  p.  27),  less 

commonly  elongated  Q  i.    Massive,  compact,  or  granular;  in  embedded  grains. 

Cleavage;  d  rather  distinct;  a  less  so.  Fracture  cone  hoi  dal.  Brittle.  H.  = 
6'5-7.  G.  =  337-337,  increasing  with  the  amount  of  iron ;  3'57  for  hyalosider- 
ite  (30  p.  c.  FeO).  Luster  vitreous.  Color  green— commonly  olive-green,  some- 
times brownish,  grayish  red,  grayish  green,  becoming  yellowish  brown  or  red 
by  oxidation  of  the  iron.  Streak  usually  uncolorcd,  rarely  yellowish.  Trans- 
parent to  translucent.  Optically  +.  Ax.  pi.  |  c.  Bx  J.  n.  Dispersion  p  <v 
weak.     2H,,,  =  105°  58'.     ^,  =  1-678.      Birefringence  high,  ;'  - 

Tar. — Preeiou«.—Ot  a  pule  jellowialj-greeti  color,  and  trauspur 
Occnsloiisll;  seen  in  niiistieB  na  large  us  "u  turkey's  egg."  br  ' 
hsia  long  been  brought  from  the  Ijevaut  for  jewelry,  but  the  e 

Common;   Olivine. — Dark  jellowlsb  green  to  olive-  < 
Dlsaemtnaled  in  crystals  or  grains  in   b&sic  igneous 
rocks,  iisenll  and  basaltic  lavas,  clc.      Hyaloiiierilt 
ia  a  higlily  ferruginous  vnriely. 

CoDip.— (Mg.Fe),SiO,  or  2(Mg,Fe)O.SiO,. 
The  ratio  of  Mg  :  Fe  varies  widely,  from 
16 :  1,  12  ;  1,  etc.,  to  2  :  1  in  hyalosiderite, 
and  hence  passing  from  fosterite  on  the  one 
side  to  fayalite  on  the  other.  No  sharp  line  •"*" 
can  be  drawn  on  either  side.  Titanium 
dioxide  is  sometimes  present  replacing  silica; 
also  tin  and  nickel  in  minute  quantities. 

Pyr..  Bki.— B.B.  wbkeni,  but  is  infusible  in  most 
cases;  hyalosiderite  and  other  varieties  rich  in  iron 
fune  lo  n  black  magnelic  globule:  sonn'  kiiiils  luro 
red  upou  heailog.     With  the  flnxe-  kIvc-  reaciioiis  for  irr 


^  0-036. 
G.  =  3M1,  8  851, 
uauully  much  sniaiier.     It 
\  locality  !s  not  known. 


\ 


\/ 
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for  titanium  and  mmngancM.  Decompoaed  by  hydrochloric  uid  nilphnrlc  acldi  iflth 
Hpantloii  of  gelatluoiu  silica. 

Diff.— Characterized  by  iti  Infuslbilliy,  Ibe  jellon-green  color,  grnaular  form  and 
cleava)^  (quartz  baa  none). 

Ftecogulzed  In  thin  secllons  by  tu  high  reller;  lack  of  color:  its  few  but  mnrked  rough 
cleavage-crack*  1  high  toterfereuc«-colore.  nhicU  are  usually  the  brilliant  and  pronouuced 
toDca  of  Ihe  second  order;  parallel  oztinction:  biaxial  character:  cliaracieristlc  outline* 
SOB  809.  810. 


f 

1 

I 

lOO 

to 

/ 

(uaiially  with  acute  (ermlnallona)  when  In  disltoct  crystals  (Figs.  807-809),  lU  frequent 
as^iclatiou  with  Iron  ore  and  auulte,  and  Its  very  couimon  alterutlon.  in  a  grearer  or  leoer 
degree,  lo  serpentine,  the  fimt  atiigev  being  marked  tiy  the  separBtion  of  iron-ore  grains 
alutJL'  the  lines  of  fracture  (Fig.  810). 

Oba,— Chrysolite  (olivine)  hai  two  distinct  methods  of  occurrence:  (a)  In  Igneous  rocks, 
ns  baaiU,  tormeii  by  the  ci-ystallizailoo  "f  maemRs  low  in  silica  and  rich  in  magnesln;  from 
nn  accessiiry  component  In  such  rocka  the  olivine  raay  in  crease  In  amounl  until  it  Is  the 
miiln  rock  couslitueut  as  In  (he  duniiee:  also  (i)  as  the  product  a(  meiamorphism  of  certain 
Bedlinentnry  rur-ks  contalDlng  iiingnesis  and  silica,  as  in  Impure  dolomites.  In  the  dunites 
and  periilotitesof  igneous  origin  the  cbrysolite  is  commonly  associated  with  chromlte,  apluel, 
pynipe,  etc.,  which  nre  valirable  Indicnlions  also  of  the  origin  of  serpentines  derived  from 
olivine.  In  the  melamorphic  rocki  the  ahiive  are  wanting,  aud  carbonutes,  aa  dolomite, 
breunnerite.  magDeslte.  etc  .  are  the  common  asaociatlous;  chrysolltlc  rocks  of  Ibifr  latter 
kind  may  niao  occur  altered  to  serpentine. 

Chrysollle  also  occurs  in  gmlns,  rarely  crystals,  embedded  in  some  meteoric  Irons.    Also 
present  in  niuleorlc  stonea,  frequently  iu  spherical  forms,  or  chondrules,  aometimes  made 
up  of  a  multitude  nf  grains  with  like  (or  unlike)  optical  orientation 
enclosioi!  glass  between  (Fig.  811).  ■^*- 

Amons  tlie  more  prominent  localiiles  are:  TcsiiviiiB  In  lara 
and  on  Monte  Soinmii  in  ejected  masaca.  with  nuirite  mien  etc 
Oltaerved  In  the  so  called  sinidine  bombs  at  the  Laacber  Bee'  at 
ForBtl>erg  near  Mayen  In  Ihe  Eirel  and  formingthe  mns*  of  "olivine 
liombs"  ill  the  Dreiser  Wciher  near  Dnun  In  (he  snnieiTiHon-  at 
Saahach  in  the  KuUraiuhl.  Baden  C'valoHderiUl  In  Sweden, 
with  ore-ilepcisits,  as  at  LADi-'bnD.  Pnjsberg,  Peraberg,  etc,  la 
serpentine  nt  Snarum,  Norway,  in  large  eryatnli,  themaelveB 
nllenKi  lo  the  same  minei-al.  Common  In  the  volcanic  nicks  of 
Sicily,  the  3.inilwic-h  Islamts.  the  Azores,  etc, 

Iu  the  U   8..  In  Tlielford  and  Norwich.  Vermonl,  In  boulders 
of  coarsely  oryst.   Ijaaalt,  tljc  cryaials  or  masses  Severn)  tnclie 
through.     In   ollvine-gnhbro  of  Watervllle.  In   the  White  Mia  , 
N,  H-i   at  Websrer.  in  Jackson  Co,.  N.  C.  wrlli  wrpentine 
chromite;  with  chromite  in  Loudon  Co.  Va. ;   In  LannaMer  Co 

Pa,  In  small  clear  olive-green  grai»s  wilh  pnmel  at  some  point,  in  AHzonn  and  Now 
Mexico,  In  Iwianlt  In  Canada,  near  Montreal,  at  Rougemont  and  Mounts  Royal  and  Mon- 
tarville,  and  in  eruptive  rocks  nt  other  piiints. 


Chrvsoli'P  fhondnde 
frorn  the  Rnivahinya 
meteorite  (xlO  (Ham). 
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Alteration  of  cbrysolite  often  takes  place  through  the  oxidation  of  the  iron;  the  miDeral 
becomes  brownish  or  reddish  l)rowu  and  iridescent.  The  process  may  end  in  leaving  the 
cavity  of  the  crystal  filled  with  limouite  or  red  oxide  of  iron.  A  very  common  kind  of 
alteration  is  to  the  hydrous  magnesium  silicate,  serpentine,  with  the  partial  removal  of  the 
iron  or  its  separation  in  the  form  of  grains  of  magnetite,  also  as  iron  sesquioxiile;  thia 
change  has  often  taken  place  on  a  large  scale.     See  further  under  serpentine,  p.  477. 

Chrysolite  is  named  from  jf^vcrJs,  gold,  and  XiOui.  The  hyalosiderite.  from  I'trAo?, 
glass,  and  (Tt'dT/fjoS,  iron.  The  chrysoliUius  of  Pliny  was  probably  our  topaz;  and  hia  top4tz 
our  chrysolite, 

Iddingsite.  From  the  rock  carmeloite  of  Carmelo  Bay,  California;  a  silicate  resembling 
an  altered  chrysolite,  exact  composition  undetermined.  Ortborhombic,  foliated  and  cleavuble. 
G.  -  2-839.     Color  brown. 

The  axial  ratios  of  the  other  members  of  the  Chrysolite  Group  are  given  in  the  table  on 
p.  419.     The  species  are  briefly  chamcterized  as  follows: 

MonticeUite.  CaMgSiO^.  Occurs  in  colorless  to  gray  crystals  on  Mte.  Somma  ;  in 
masses  (hatrachite)  on  Mt.  Monzoni,  Tyrol;  in  crystals  or  grains  in  limestone  at  Magnet 
C.)ve.  Arkansas.     G.  =  3  03-3-25. 

Forsterite.  MgaSiO*.  Occurs  in  white  crystals  at  Vesuvius;  in  greenish  or  yellowish 
embedded  grains  at  Bolton,  Miiss.  {holtonite),    G  =  3*21-8  33. 

Hortonolite.  (Fe.Mg,Mn)a8iO«.  In  rough  dark-colored  crystals  or  masses.  Occurs  at 
the  iron  mine  of  Monroe,  Orange  Co.,  N.  Y.     G.  =  3  91. 

Fayalite.  FeaSi04.  From  the  Mourne  Mts.,  Ireland;  the  Azores;  the  Yellowstone  Park; 
Rockport,  Mass.,  etc.     Crystals  and  massive,  brown  to  black  on  exposure.     G.  =  4'1. 

Knebelite.     (Fe,Mn)aSi04.     From  Dannemora.  and  elsewhere  in  Sweden.     G.  =  4  1. 

Tephroite.  MuaSiOi;  also  with  zinc,  in  the  wiiT\^iy  roepperiU.  From  Sterling  Hill  and 
Franklin  Furnace,  N.  J.;  also  from  Sweden.     Color  flesh-red  to  ash-gray.     G.  =  4*1. 


Phenacite  Group.     R,SiO^.     Tri-rhomboliedral. 


rr' 


WiUemite  Zu^SiO,  64°  30'        06775 

Troostite  (ZD.Mn),SiO, 

Phenacite  Be,SiO,  63°  24'        0-6611 

The  Phenacite  Group  includes  the  above  orthosilicates  of  zinc  (man- 
ganese) and  beryllium.  Both  belong  to  the  tri-rhombohedral  group  of  the 
trigonal  division  of  the  hexagonal  system,  and  have  nearly  the  same  rhombo- 
hedral  angle.  The  rare  species  trimerite,  MnSiO^.BeSiO,,  which  is  pseudo- 
hexagonal  (triclinic)  is  probably  to  be  regarded  as  connecting  this  group  with 
the  preceding  Chrysolite  Group. 

The  following  rare  species  are  related : 

Dioptasc  H,CuSiO,  Tri-rhombohedral 

FricdeUte  H,(MnCl)Mn,(SiO,), 

PyroBmaUte        H,((Fe,Mn)Cl)(Fe,Mn),(SiO,), 

These  species  are  very  near  to  each  other  in  form,  as  shown  in  the  above  axial  ratios; 
they  further  approximate  to  the  species  of  the  Phenacite  Group  proper.  They  are  also 
closely  related  among  themselves  in  composition,  since  they  are  all  acid  orthosillcateB,  and 
have  the  general  formula  H,R8iO«  =  H«R4(8iO«)«,  where  {e,g.  for  Friedelite)  In  the  latter 
form  the  place  of  one  hydrogen  atom  is  taken  by  the  univalent  radical  (MnCl). 

WILLEMITE. 

Tri-rhombohedral.     Axis  t  =  0-6775;  rr'  =  64°  30';  ee'  =  36°  47'. 

Tn  hexasfonal  prisms,  sometimes  long  and  slender,  again  short  and  stent; 
rarely  showing  subordinate  faces  distributed  according  to  the  phenacite  type. 
Also  massive  and  in  disseminated  grains;  fibrous. 

Cleavafife:  ^  easy,  Morpsnet;  difficult,  N.  J.;  a  easy,  N.J.  Fractnre  con- 
choidal   to  uneven.     Brittle.     H.  =  5-5.      G.  =  3-89-4-18.     Lnster  yitreo- 


rr' 
54°  6' 

i 
0-5342 

56°  17' 
53°  49' 

0-5624 
0-5308 

resinoiis,  rather  weak.     Color  white  or  greenish  yellow,  when  purest;  apple- 
greei],  flesh-red,  grayish  white,  yellowish  brown;   often  dark   brown   when 


812-814.  New  Jersey,    t  (OllSt  t  fllSS).  w  (3113),  x  (SlSl). 
impure.     Streak   uiicolortd.     Truiis|iurerit   to  opaque.     Optically  -|-.     Bire- 
fringence high. 

Comp.— Zinc  orthoailicate,  Zii.SiO,  or  I'ZnO.SiO,  =  Silica  270,  sine  oxide 
73-0  =  101).  Maiiganeae  often  replaces  ii  considerable  part  of  the  zinc  (in 
troosiile),  aud  Iron  is  also  present  in  small  ninount. 

Pyr.,  etc.— B.B  In  tbefoicci*  gliiwg  auil  fiiwB  with  ilJtflcuUy  to  a  irliitL-  eDemel:  the 
varitiies  from  Ntw  Jersey  fuse  from  3-5  tii  4  Tlie  jiOHdeieU  niiorni]  on  tlianual  in  R.F. 
^ivea  II  cuiiiiiig,  yt;)low  wJillt  lii>l  aud  white  ou  couliuf;.  wlik'li,  moUleiied  willi  wIiiIIod  of 
cobalt,  and  tieatiii  iu  OF,,  Uiolured  tirigbl  green.  Witb  sudii  ILe  c-imting  is  uuire  readily 
obtained.     Decomposed  by  bjdrocbloi-ic  aciil  wiib  st-pariilion  of  gelalinoiiB  silica. 

Obi -From  Alit^nbein;  iie«r  Moresnet:  ai  Siolbfrg.  near  Aix-lo-Cbapelle.  In  New 
Jersey  at  Mlue  Hill,  Pmuklin  Furnace,  mid  ut  Stertintr  Hill,  two  miles  disinut.  Qccnrs 
with  zincile  nnd  franklinlle,  varying  in  color  from  while  In  pnle  honey-yell'iw  nnd  ligbt 
gri-en  to  diirk  osli-gray  and  flesb-red;  sonietime>-  in  large  reildisb  cryslals  {IrvotUU).  Rare 
al  (lie  Merrill  mine,  Socorro  Co.,  New  Mexico;  hIko  al  Ihe  Sedalia  mine.  Salida,  Colo. 
Named  by  Levy  after  William  1.,  King  of  tlie  Netherlands. 

PHENAOrrB. 

Tri-rhombohedral,     Axis  6  =  0-6611;  rr'  =  63°  24'. 

Crystals  commonly  rhombohedral  in  habit,  often  lenticular  in  form,  the 
prisms  wanting;    also  prismatic,  oi«  aid 

sometimes     terminated     by    the 
rliombohedron  of  the  third 
X  (sec  further,  pp.  80-82). 

Cleavage:  n  distinct;  r  im- 
perfect. Fracture  conchoidal. 
Brittle.  H.  =  7-5-8.  G.  =  2  97- 
300.  Luster  vitreous.  Color- 
less; also  hi-ight  wine-yellow, 
pale  rose-red;  brown.  Trans- 
parent to  snbtransliicent.  Op- 
tically -I-.  a-ij  =  1-6540;  e,  = 
l-6fi97,  Framont. 

Comp.—Hery  Ilium  orthosili- 
cate,  Be.SiO,  or  2BeO.SiO,  = 
Silica  54-45,  glucina  45-55  =  100 

Pyr.,  Ate.— Alone  remain*  unaltered;  wiih  bora*  fuBCs  with 


Florissant,  Colo.  Mt.  Antero.  Colo.,  Pfd, 
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pulverized,  to  a  traDspiireDt  glass.  With  soda  affords  a  white  euamel ;  with  more»  iotu- 
mesces  and  becomes  infusible.     Dull  blue  with  cobalt  solution. 

Obs — Occurs  at  the  emerald  and  chrysoberyl  mine  of  Takovaya,  85  yersts  E.  of  Eka- 
terinburg; also  in  the  Iltneu  Mts.,  near  Miask;  near  Framout  iu  the  Vosges  Mts.;  at  the 
Cerro  del  Mercado,  Durango,  Mexico. 

In  Colorado,  on  amazou-stoue.  at  Topaz  Butte,  near  Florissant,  16  miles  from  Piki  's 
Peak;  also  on  quartz  and  beryl  at  Mt.  Antero,  Chaffee  county.  Named  from  if>4ya^^ 
a  deceiver t  in  allusion  to  its  having  been  mistaken  for  quartz. 


Trimerite.  (Mn,Ca)sSi04.Be8Si04.  In  thick  tabular  prismatic  crystals,  pseudo- 
hexagonal  (triclinic)  in  form  and  angle.  H.  =  6-7.  G.  =  8*474  Color  salmon- pink  to 
nearly  colorless  iu  small  crystals.     From  the  llarstig  mine,  Wermland,  Sweden. 

Dioptase.    HsCuSi04  or  H1O.C11O.BiO3.     Commonly  in  prismatic  819. 

crystals  (««'  =  84**  33J').  Also  in  crystalline  aggregjites;  massive.  Cleav- 
age: r  perfect.  Fracture  couchoidal  to  uneven.  H.  =  5.  G.  =  8*28- 
8  So     Luster  vitreous.     Color  emerald -green. 

Occurs  iu  druses  of  well-defined  crystals  c)n  quartz,  occupying  seams 
iu  a  compact  limestone  west  of  the  hill  of  Altyn-Tilbe  in  the  Kirehese 
Steppes;  in  the  gold  washings  at  several  points  in  Siberia:  at  Rezbanya, 
Hungary.  From  Copinpo,  Chili,  on  quartz  with  other  copper  ores.  In 
tine  crystals  at  the  Mine  Mindouli,  two  leagues  east  of  Comba,  in  the 
French  Congo  Slate.  Also  at  the  copper  mines  of  Clifton.  Graham  Co., 
Arizona. 

Friedelite.  H7(MnCl)Mn4Si40i«.  Crystals  commonly  tabular  |  c\ 
also  massive,  cleavable  to  closely  compact.  H.  =  4-5.  G.  =  8  07.  Color 
rose-red.     From  the  manganese  mine  of  Adervielle.  vallee  du  Louron,  Hautes  Pyr^n^es. 

Pyrosmalite.  H7((Fe,Mn)Cl)(Fe,Mn)4Si40ie.  Crystals  thick  hexagonal  prisms  or 
ttibulur;  also  massive,  foliated.     H.  =  4--4'5.     G.  =  8'06-8'19.     Color  blackish  green  to 

Sale  liver-brown  or  gray..    From  the  iron  mines  of  Nordmark  iu  Wermland;  Dannemora, 
weden. 


ScapoHte  Group.         Tetragonal-pyramidal. 
Mcionite  t  =  0-4393  Mizzonite,  Dipyre        t  =  0*4424 


Wcrncrite       6  =  0-4384 


Marialite 


6^  =  0-4417 


SarcoUte       ^6  =  0-4437 

The  species  of  the  Scapolite  Group  crystallize  in  the  pyramidal  group 
of  the  tetragonal  system  with  nearly  the  same  axial  ratio.  Tney  are  white  or 
grayish  white  in  color,  except  when  impure,  and  then  rarely  of  dark  color. 
Hardness  —  5-65;  G.  =  2-5-2*8.  In  composition  they  are  silicates  of  alu- 
minium with  calcium  and  sodium  in  varying  amounts;  chlorine  is  also  often 
present,  sometimes  only  in  traces.  Iron,  magnesia,  potash  are  not  present 
unless  by  reason  of  inclusions  or  of  alteration,  which  last  cause  also  explains 
the  carbon  dioxide  often  found  in  analysis. 

The  Scapolites  are  analogous  to  the  Feldspars  in  that  they  form  a  series 
with  a  gradual  variation  in  composition,  the  amount  of  silica  increasing  with 
the  increase  of  the  alkali,  soda,  being  40  p.  c.  in  meionite  and  64  p.  c  in 
marialite.  A  corresponding  increase  is  observed  also  in  the  amount  of 
chlorine  present.  Furthermore  there  is  also  a  gradual  change  in  specific 
gravity,  in  the  strength  of  the  double  refraction,  and  in  resistance  to  acidSy 
from  the  easily  decomposed  meionite,  with  G.  =  2*72,  to  marialite,  which  is 
only  slightly  attacked  and  has  G.  =  2-63.     Tschermak  has  shown  that  the 
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T&riation  in  composition  may  be  explained  b;  the  assamption  of  two  funda- 
mental end  compounds,  viz.: 

Meionito  Ca,Al,Si,0„  Me 

Marialite  Na,Al,Si,0„Cl  Mu 

By  the  isomorphonB  combination  of  these  compounds  the  composition  of 
the  species  mentioned  above  may  be  explained ;  no  sharp  line  can,  however, 
be  drawn  between  them. 

Optically  the  s«rlts  U  cbKracuilzeU  by  tlie  decrease  In  Ibe  streogtb  of  tbe  double  refrac- 
lion  Id  piiulug  from  meioDlle  to  raariallw.  Thus  (Lacrolx)  for  meionlte  o)  —  f  =  0  080; 
for  lypicul  wei'Dertle  0-08-0-02;  for  dipyre  0  015. 

The  tetragoual  species  melilite  and  gehlenite  are  near  the  Scapolites  in 
angle.     The  more  common  vesuvianite  Is  also  related. 


MEIONTTB. 

Tetragonal.  Axis  i  =  0'43925.  In  prismatic  crvBtals  (Fig.  179,  p.  60), 
either  clear  and  glassy  or  milky  white;  also  in  crystalline  grains  and  massive. 
Cleavage:  a  rather  perfect,  m  somewhat  less  so.  Fiacture  conchoidal. 
Brittle.  H,  =  55-6  G.  =  2'70-2'?4.  Luster  vitreous.  Colorless  to  white. 
Transparent  to  translucent;  often  cracked  within.  Optically  — .  Double 
refraction  weak.     Indices,  Dx.:  sOj  =  1594;  e,  =  1*558. 

Comp.— Ca.Al.Si.O,,  or  4Ca0.3Al,0,.6SiO,  =  Silica  40-5,  alumina  34-4, 
lime  25  I  =  100. 

The  varielieB  locluded  here  range  from  nearly  pure  meionlte  tu  those  cnnslsllDg  of 
neiODite  and  maiialite  ia  the  ratio  of  8  :  1,  «.«.,  Me:  Ha  =  3:  1.  No  sharp  Hue  lan  be 
drawn  between  ineioiiile  and  the  following  species. 

Obs.— Occurs  In  small  crystals  In  cnvllies,  usually  la  limestooe  blocks,  od  HoDte 
Bomma.     Also  in  ejected  masses  at  the  lyncher  See. 


WERNERITB.     Comkoh  Scapolite. 

Tetragonal-pyramidal.     Axis  t  =  0-4384. 

Crystals  prismatic,  usually  coarse,  with  uneven  faces  and  often  large.    Tho 
symmetry  of  the  pyramidal  group  sometimes  shown  in  the  development  of  the 
faces  2(31 1)  luid  2,(131).     Also  massive,  granular,  or  with  a  faint  fibrous 
appearance;  sometimes  columnar. 
m".      101  a  Oil  =82' 69". 
rr".     111  A  in  =43*45'. 
mr.    no  A  111  =  58°  12'. 
M,'",  811  A  ail  =  SQ"  48'. 

Cleavage:  n  and  m  rather  distinct, 
btit  interrnpted.  Fracture  subcon- 
choidal.  Brittle.  H.  =  5  -  6.  G.  = 
2'66-2-73.  Luster  vitreous  to  pearly 
externally,  inclining  to  resinous;  cleav- 
age and  cross -fracture  surface  vitreous. 
Color  white,  gray,  bluish,  greenish,  and 
reddish,  usually  light;  streak  uncoJored.  Transparent  to  faintly  subtrans- 
lucent.  Optically  — .  Birefringence  weak.  Indices:  w,  =  1-56C,  e^  =  1-545 
Areudal. 

Comp., Tar. — Intermediate  between  meionlte  and  marialite  and  correspond- 
ing to  a  molecular  combination  of  these  in  a  ratio  3  : 1  to  1:2.     The  silica 
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varies  from  46  to  54  p.  c,  and  as  its  amount  increases  the  soda  and  chlorine 
also  increase.     Scapolitos  with  silica  from  54  p.  c.  to  60  p.  c.  are  classed  with 
mizzonite;  they  correspond  to  Me  :  Ma  from  1  :  ^  to  1 :  3  and  upwards. 
The  percentage  composition  for  a  common  compound  is  as  follows: 

Me  :  Ma  8  :  1       SiO,  4j  10        A1,0,  3048       CaO  1910        Na,0  3*54        CI  101  =  100-28 

P3rr..  etc. — B.B.  fuses  easily  with  iutuinescence  to  a  white  blebby  glass.  Imperfectly 
decomposed  by  hydrochloric  acid. 

Diff.— Characterized  by  Us  square  form  and  prismatic  cleavage  (90");  resembles  feldspar 
whcD  massive,  but  has  a  cliamcteristic  fibrous  appearauce  ou  the  cleavage  surface;  it  is  also 
more  fusible,  and  has  a  higher  s|ecitic  gravity;  also  distiuguished  by  fusibility  with  intu- 
mescence from  pyroxeue  (wii.  see,  \).  387). 

Rccoguized  in  thin  sections  by  its  low  refraction;  lack  of  color;  rather  high  iuterfcreDoe- 
colors  reaching  the  yellows  and  reds  of  tie  first  order,  sections  showing  which  cxtiuguish 
parallel  to  the  cletivage;  by  the  distinct  negative  axial  cross  of  basal  sections  which  show 
the  cleavage-cnicks  crossing  at  right  angles. 

Obs. — Occurs  in  metamorphic  rocks,  and  moet  abundantly  in  granular  limestone  near 
its  junction  with  the  associated  granitic  or  allied  rocks;  sometimes  in  beds  of  magnetite 
accompanying  limestone.  It  is  often  associated  with  a  light-colored  pyroxene,  amphibole, 
garnet,  and  also  with  apatite,  titanite.  zircon;  amphibole  is  a  less  common  associate  than 
pyroxene,  but  in  some  cases  has  resulted  from  the  alteration  of  pyroxene.  Scapolite  has 
been  shown  also  to  be  frequently  a  component  of  basic  igneous  rocks,  especially  those  rich 
in  plagioclases  containing  much  lime;  it  is  regarded  us  a  secondary  product  through  a 
certain  kind  of  alteration. 

Prominent  localities  are  at  Pargas,  Finland,  where  it  occurs  in  limestone;  Arendal  in 
Norway,  and  MalsjO  in  Wermland,  where  it  occurs  with  magnetite  in  limestone.  Pas- 
sauite  is  from  Obernzell,  near  Pnssau,  in  Bavaria.  Tho  pale  blue  or  gray  scapolite  from 
L.  Baikal,  Siberia,  is  called  glaucolite.  In  the  U.  S.,  occurs  in  Vermont,  at  Marlborough, 
massive.  In  Mass,,  at  Bolton;  at  Chelmsford.  In  N.  York  in  Orange  Co.,  Essex  Co., 
Lewis  Co.;  Grasse  Lake,  Jcffei-son  Co.;  at  Gouverneur,  in  limestone.  In  N.  Jersey^  at 
Franklin  and  Newton.     In  Penn.,  at  the  Elizabeth  mine,  Fi-ench  Creek,  Chester  Co. 

In  Canada,  at  G.  Calumet  Id.,  massive;  at  Grenville;  Templeton;  Wakefield,  Ottawa 
Co.     Scapolite  rocks  occur  at  several  points. 

Mizzonite.  Dipyre.  Here  are  included  scapolite3  with  54  to  57  p.  c.  SiOa.  correspond- 
ing to  a  molecular  comi)inati>>n  from  Me  :  Ma  =  1 :  2  to  Me :  Ma  =  1:8.  Mizzonite  occurs 
in  clear  crystals  in  ejected  masses  on  Mte.  Sonima. 

Dipyre  occurs  in  elongated  square  prisms.  <»fien  slender,  sometimes  large  and  coarse,  in 
limestone  and  crystalline  schists,  chiefly  from  the  Pyrenees;  also  in  diorite  at  Bamle,  Nor- 
way; Saint-Nn Zaire.  France;  Algeria.  Covseranite  from  the  Pyrenees  is  a  more  or  less 
altered  form  of  dipyre. 

Marialite.  Theoretically  NaiAlsSisOaiCl,  see  p.  425.  The  actual  mineral  corresponds 
to  Me  :  Ma  =  1:4.     It  occurs  in  a  volcanic  rock  called  piperno,  at  Pianura,  near  Naples. 

Sarcolite.  (Ca.Na,)sAl,(Si04)s.  In  small  tetragonal  crystals.  H.  =6.  G.  =  2*545- 
2  932.     Color  flesh-red.     From  Monte  Somma. 


MELIUTB. 

Tetragonal.  Axis  6  =  0*4548.  Usually  in  short  square  prisms  (a)  or 
octagonal  prisms  (a,  m),  also  in  tetragonal  tables. 

Cleavage:  c  distinct;  a  indistinct.  Fracture  conchoidal  to  uneven. 
Brittle.  II.  =  5.  G.  =  2*9-3*10.  Luster  vitreous,  inclining  to  resinoas. 
Oolor  white,  pale  yellow,  greenish,  reddish,  brown.  Pleochroism  distinct  in 
yellow  varieties.  Sometimes  exhibits  optical  anomalies.  Optically  — .  Bire- 
fringence low.     Indices: 

Hamboldtiliie      oor  =  1*6812      ooj  =  1-6339      fr  =  1  6262      €y  =  16291  Henniger 

Comp.- Perhaps  R„R,Si.O,.  or  Na,(Ca,Mg)„(Al,Fe),(SiO,).  for  melilite. 
If  Ca  :  Mg  =  8:3,  ana  Al  :  Fe  =  1  :  1,  the  percentage  composition  is:  Silica 
37'?,  alumina  7*1,  iron  sesquioxide  11*2,  lime  31*3,  magnesia  8*4,  soda  4*3  = 
100.     Potassium  is  also  present. 
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Pyr.,  0to. — B.B.  tueeg  at  8  to  a  yellowUii  or  RrMu'sh  glaaa.  WItli  the  fluxes  reacts  for 
iron.     Decomposed  l)j  bydrcwbloric  arid  with  geliiiiuization. 

DIS.— DiBtfDgulshed  id  tbin  wctloae  by  Its  muderale  refrHCllou;  very  low  InteiTerance- 
colora.  sbowiug  ufleu  tbe  ''  vllra  blue"  (Capo  dl  Bcive);  paruUnI  exLiiicLiou;  negaiive  cbur- 
ficter;  u.^iml  (ievelopiiieut  Id  tables  parallel  to  tlie  base  aud  very  com moD  "pef  Biniclure" 
due  to  parallel  rod-like  iaduBioDS  peaetratlog  tbe  cryetsl  from  tbe  basal  planes  m  ward:  tbls, 
liowvver,  is  not  always  caally  seen. 

Obi. — Mtlilile  is  a  component  of  certain  Igneous  rocks  formed  from  magmaB  very  low 
ID  silica,  rallier  duflcieiit  !n  ulkulii-a,  and  couiaiuiug  coijsidvnible  lime  una  iilumiDu.  In 
sucb  cases  melilUc  appears  to  crystallize  in  the  place  of  tlie  more  acid  plaginclnse. 

Afelilite  of  yellow  nud  brownish  colors  Is  found  at  Cnpn  dl  fiove.  near  Itiiiiie.  in  leiicito- 
phyre  with  nephelite,  augite,  borDblcnde:  at  Vcsiivius  In  dull  yellow  crynlals  (lomereilliU}; 
not  imcommoD  In  certain  basic  eruptive  rocks,  tm  tbe  mttilile-b(uaU»  of  Rocbbohl  iiearOu'eu 
lu  Wnittemlierg,  of  the  Schwiibian  Alb.  of  OOrlitz.  tlie  ErKgebirjre:  also  in  ibc  iiipbellle 
basalts  of  tbe  Hegau.  of  Oaliu,  Sandwich  Islands,  etc.;  perovskile  is  a  common  associate. 
Commoii  in  fiiniace  slags.     Melilite  is  named  fnmi  uc'Ai,  honey,  in  allusion  to  the  color. 

BumbotdtUiU  occurs  in  cavernous  blocks  on  Monte  Bomnin  with  greenish  mica,  also 
apatite,  augite:  the  crystals  are  often  rather  Inrgt,  and  covered  with  a  calcareous  coaliog; 
less  common  in  transparent  luHlrous  crystals  with  ueplielile,  sarcolite,  etc.  In  an  augitic 
rock.     ZarUte  la  impure  humboldtllite. 

Oehlenite.  Cii,Ai,Si,0,,.  Cryslali  usually  short  square  prisms.  Axis  ^  =  0'400t. 
O.  =  2  9-307.  DiS<'ri:nt  shades  of  grayish  greeo  to  liver-browD.  From  Mount  HoDZOul, 
in  the  Passalhal.  In  Tyiol. 


VBSUVIANmi.     Idncraee. 
Tetragonal.     Axis  6  =  0-5373. 

«r,  oni  A 101  =  as- 15', 

<7>.  001  A  m  =  ST-  131'. 
et,  001  A  331  =  80°  18'. 
822. 


I<^\       f^^ 


Often  in   crystals,   piisinatic  or    pyramidftl.      AIbo  maBsive;    colamnar, 
straight  and  divfrgeiit,  or  irregular;  granular  muasive;  cryptocry  stall  inc. 
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Cleavage:  in  not  very  distinct;  a  and  c  still  less  so.  Fracture  snbeon- 
choidal  to  uneven.  Brittle.  H.  =  G'5.  G.  =  3*35-3*45.  Luster  vitreous; 
often  inclining  to  resinous.  Color  brown  to  greeu^  and  the  latter  freqnentlv 
bright  and  clear;  occasionally  sulphur-yellow,  and  also  pale  blue.  Streak 
white.  Subtransparent  to  faintly  subtranslucent.  Dichroism  not  usually 
strong.  Optically  — ;  also  -f  rarely.  Birefringence  very  low.  Sometimes  ab- 
normally biaxial.     Indices:  coj  =  1*7235,  e^  =  1*7226  Ala,  Osann. 

Comp.— A  basic  calcium-aluminium  silicate,  but  of  uncertain  formula; 
perhaps  Ca,[Al(OH,F)lAl,(SiO A.  Ferric  iron  replaces  part  of  the  aluminium 
and  magnesium  the  calcium.  Fluorine  and  titanium  may  be  present.  The 
following  are  typical  analyses  (Jannasch) : 

SiO,   TiO,  Al,Os  Fe,OB  FeO  MnO    CaO  MgO  Na,0  L1,0  H,0    F. 

1.  Vesuvius,  i  36-98     —  16*70  2  99  201  057  35*67  2*62  0*43  0-08  1  32  1*08  =  100*45 

2.  Vilui.  3617  1*30  12*23  2*18  1*49  0*15  3581  605  0*45     —  0*72  0*22  BsO.  2  81=99*68 

Pyr.,  etc. — B.B.  fuses  At  3  witli  intumescence  to  a  greenish  or  brownish  glass.  Magnus 
states  that  the  density  after  fusion  is  2*93-2*945.  With  the  fluxes  gives  reactions  for  uon, 
and  some  varieties  a  strong  mangimese  reaction.  Cyprine,  a  blue  variety,  gives  a  reaction 
for  copper  with  salt  of  phosphorus.  Partially  decomposed  by  hydrochloric  acid,  and  com- 
pletely when  the  mineral  has  been  previously  ignited. 

Dm*. — Characterized  by  its  tetragonal  form  and  easy  fusibility.  Resembles  some  brown 
varieties  of  garnet,  tourmaline,  and  epidote. 

Recognized  in  thin  sections  by  its  high  refraction  producing  a  very  strong  relief  and  its 
extremely  low  birefringence;  *  also  in  general  by  its  color,  pleochroism.  and  uniaxial  nega- 
tive character;  the  latter,  on  account  of  the  low  birefringence,  being  difficult  to  determine. 
The  low  birefringence,  however,  uids  in  distinguishing  it  from  epidote,  with  which  at  times 
it  may  be  confounded. 

Obs.— Vcsuvianite  was  flrst  found  among  the  ancient  ejections  of  Vesuvius  and  the 
dolomitic  blocks  of  Monte  Somma,  whence  its  name.  It  commonly  occurs  as  a  contact  min- 
eral from  the  alteration  of  impure  limestones,  then  usually  a^'sociated  with  lime  garnet 
(grossularite).  pliTogopite,  diopside.  wollastonite;  also  epidote;  also  in  terpentine,  chlorite 
schist,  gneiss  and  related  rocks. 

Prominent  localities  are  Vesuvius;  the  Albani  Mts. ;  the  Mussa  Alp  in  the  Ala  ▼alley,  in 
Piedmont;  Mt.  Monzoni  in  the  Fassathal;  at  Orawitza  and  Do^aczka;  Haslau  near  £ger 
in  Bohemia  {egeran)\  near  Jordansmtlhl,  Silesia;  on  the  Vilui  river,  near  L.  Baikal  (some- 
times called  mUuit  •  or  viluite.  like  the  grossular  garnet  from  the  same  region);  at  Arendal, 
**colophon%U*';  at  Egg,  near  Christiansand. 

In  N.  America,  in  Maine  ni  Phippsburg  and  Rumford;  at  Saudford.  In  N.  Hampihire, 
at  Warren  with  cinnamon-stone.  In  N.  York,  \  m.  S.  of  Amity.  In  New  Jereey,  at 
Newton.  In  Califomui  near  San  Carlos  in  Inyo  Co.  In  Canada,  nt  Calumet  Falls,  Litch- 
field, Pontiac  Co.;  at  Grenville  in  calcite;  at  Templeton,  Ottawa  Co.,  Quebec 


IV 

Zircon  Group.     RSiO^.     Tetragonal. 

Zircon  ZrSiO,  6  =  06404 

Thorite  ThSiO,  6  =  06402 

This   group  includes  the  orthosilicates  of  zirconium  and  thorium,  both 
alike  in  tetragonal  crystallization,  axial  ratio  and  crystalline  habit. 

The  e  species  are  sometimes  regarded  as-oxides  and  then  included  in  the  Rutilr  Group 
(p.  343).  to  which  they  approximate  closely  in  form.     A  similar  form  belongs  also  to  the 


♦  Fre<iuenlly  mineraN.  which,  like  vesuvianite,  mclilite  and  zoisite.  are  doubly  refractinflr 
but  of  extremely  low  birefringence  (and  possil-ly.  where  they  are  positive  for  one  color  but 
negative  for  another),  do  not  show  a  gray  color  between  crossed  nicols  but  a  curious  blue* 
at  times  an  intense  Berlin  blue,  which  is  quite  distinct  from  the  other  blues  of  the  color 
scale  and  is  known  as  the  "  ultra  blue." 


UnUlate,  TftplolUe,  and  to  the  pboipbate,  Xenottme;  [urtlier,  compouud  eroupa  coDiistlng 
of  cryitaU  of  Xenotlme  aud  ZItcod  In  parallel  poaltloo  ue  not  uncommou  (Fig.  481,  p.  181). 


Tetragonal.     Axis  i  =  0-64037. 

«/,  101  A  Oil  =  4**  SO*. 
m".  101  A  iOl  =  65°  Iff, 
pj/,  HI  A  ill  =  MMOf. 
',  881  A  JPl  =  88-  V. 


mp,  110  A  111  =iTW. 
mu.  110  A  a81  =  30°  13^'. 
aa"'.  811  A  811  =  88'  67. 
ax.     100  A  811  =81°  48*. 


Twine:  tw.  pi.  e  (101),  genicnlated  twina  like  rutile  (Fig.  374,  p.  124). 
Commonly  in  square  prisms,  sometimes  pyramidal.  Also  ill  irregular  forms 
and  grains. 

Cleavage:  *»  imperfect;  p  (111)  less  distinct.  Fracture  concboidal. 
Brittle.  U.  =  7'5.  Q.  =  468-4 -70  most  common,  but  varying  widely  to  4'2 
and  4'8G.  Lueter  adumuutiiie.  Colorless,  pale  yellowish,  grayish,  yellowish 
green,  brownish  yellow,  reddish  brown.  Streak  uncolored.  Transparent  to 
Bubtranalucent  and  opaque.  Optically  +.  Birefringence  high,  aij  =  1'9339, 
ej  i=  1*9682,  Ceylon.     Sometimes  abnormally  biaxial. 

Byaeinih  is  tlie  oma^re.  reifilish  and  brownish  trniisparenl  kind  iiBed  for  gems.  Jargon 
is  a  naniu  given  bi  liie  coUirlHsa  or  smnk;  zircous  of  Ccyloii.  In  allusion  to  tbe  fact  tbnl 
wbDe  re8einl>liDg  tbe  diamoud  in  luater,  Ibey  are  comparalivelj'  wortbleas:  tbence  cnme 
the  name  rirwii. 

Comp.— ZrSiO.  or  ZrO.SiO,  =  Silica  338,  zirconia  67-2  =  100.  A  little 
iron  {Fe,0,)  is  usually  present. 
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Pyr.,  etc. — Infusible;  the  colorless  varieties  are  unaltered,  the  red  become  colorleas, 
while  dark-colored  varieties  are  made  while  ;  some  varieties  glow  and  increase  io  deusity 
by  ignition.  Not  perceptibly  acted  upon  by  salt  of  phospborus.  In  powder  decomposed 
when  fused  wiih  soda  oa  the  platinum  wire,  and  if  the  product  is  dissolved  in  dilute  hydro- 
chloric acid  it  gives  the  orange  color  characteristic  of  zirconia  when  tested  with  turmeric 
paper.  Not  acted  upon  by  acids  except  in  tine  powder  with  concentrated  sulphuric  ucid. 
Decomposed  by  fusion  wiih  alkaline  carbonates  and  bisulphates. 

I>i£L — Ciiamcterized  by  the  prevailing  square  pynmiid  or  square  prism  ;  also  by  its 
adamantine  luster,  hardness,  bigh  specific  gravity,  and  infusibility;  the  diamond  is  optically 
isotropic. 

Recognized  in  thin  sections  by  its  very  high  relief;  very  high  interference-colors,  which 
approach  while  of  the  higher  order  except  in  very  thin  sections ;  positive  uniaxial 
character.  It  is  distinguished  from  cassiterite  and  ruiile  only  by  its  lack  of  color,  and  from 
the  latter  also  in  many  cases  by  method  of  occurrence. 

Obs. — A  common  constituent  of  igneous  rocks,  especially  those  of  the  more  acid  feld- 
spathic  groups  and  particularly  the  Kinds  derived  from  magmas  containing  much  scMJa. 
Is  generally  present  in  minute  crystals,  but  in  pegmatitic  fades  often  in  large  aud  well- 
formed  crystals.  Occurs  more  rarely  elsewhere,  as  in  ^ranuldr  limestone,  chloritic  aud 
other  schists  ;  gneiss ;  sometimes  in  iron-ore  beds.  Crystals  are  common  in  most  auriferous 
stuuls.  Sometimes  found  in  volcanic  rocks,  probably  in  part  as  inclusions  derived  from 
older  rocks. 

Zircon  in  distinct  crystals  is  so  common  in  the  pegmatitic  forms  of  the  nephelite-sycnite 
and  augite-syenite  of  southern  Norway  (with  oegirite,  etc.)  that  this  rock  there  and  else- 
where has  sometimes  been  called  a  "zircon-syenite." 

Found  in  alluvial  sands  in  Ceylon  ;  in  the  gold  regions  of  the  Ural,atLaurv!k,  Norway; 
at  Arendal,  in  the  iron  mines:  at  Fredriksvarn,  and  in  veins  in  the  augite-syenite  of  the 
Langesund  fiord;  Pfitschlhal,  Tyrol;  in  lava  at  Niedermendig  in  the  EifeT,  red  crystals;  etc. 

In  N.  America,  in  Maine,  at  Litchfield;  In  N.  York,  in  Moriah,  Essex  Co.,  cinnamon- 
red;  near  the  outlet  of  Two  Ponds.  Orange  Co.,  with  scapolite.  pyroxene  and  titanite;  at 
Warwick,  chocolate-brown,  near  Amity;  in  St.  Lawrence  Co.,  in  the  town  of  Hammond; 
at  Rossie.  Fine,  Pitadrn.  In  Penn,,  near  Reading.  In  N.  Car.,  abundant  in  the  gold 
sands  of  Burke.  McDowell,  Polk.  Rutherford.  Henderson,  and  other  counties.  In  Cdortido, 
with  astrophyllite,  etc,  in  the  Pike's  Peak  region  in  El  Paso  Co.;  at  Cheyenne  Mt.  In 
California,  in  auriferous  gravels. 

In  Canada,  at  Grenville,  Argenteuil  Co.;  in  Templeton  and  adjoining  townships  in 
Ottawa  Co.,  Quebec:  in  Renfrew  (y'o  .  sometimes  very  large;  in  North  Burgess.  Lanark  Co. 

Malacon  is  an  altered  zircon.  Cyrtolite  is  related  but  contains  uranium,  yttrium  and 
other  rare  elements. 

Thorite.  Thorium  silicjite,  ThOa.  like  zircon  in  form;  usually  hydrated,  bhick  io 
color,  and  then  with  G.  =  4-5-5;  also  orange-yellow  and  with  O.  =  5'19--5*40  (orangite).  From 
the  Brevik  region,  Norway;  also  near  Arendal. 

Auerlite.  Like  zircon  in  form;  supposed  to  be  a  silico-phosphate  of  thorium.  Hender- 
son Co.,  N.  C. 


n  ni  mm 


Danburitc-Topaz  Group.     Orthorhombic.     RR,(SiOJ,  or  (RO)  ESiO^- 

Danbnrite  CaB.(SiO J,  <!  :  5  :  eJ  =  0*5444  :  1  :  0  4807 

Topaz  [Al(F,OH),]AlSiO,  d:h:6  =  05285  :  1 :  0-4770 

Andalusite  (AlO)AlSiO,  ihidi^d  =  0*5070 :  1  :  04749 

or    a  :h:i  =  0-9861 :  I  :  0*7025 


Sillimanite  Al,SiO,  Orthorhombic  df :  J  =  0*970 : 1 

Cyanite  Al,SiO,  Tricliiiic 

d:h:d  =  0-8994  :  1  :  0*7090;  a  =  90°  5^',  /3  =  101°  2',  y  =  105**  44J'. 


SILICATES. 

DANBOHITB. 

Orthorhombic.    Axes  &  -.b  :  i  =  05444  :  1 
B36.  mm'",  HO  A  HO  =  57°  ff. 

lao  A  l-ivi  =  %h°  8'. 


/fV^ 


0-4807. 

ddf.  101  A  iOl  =    82*  Sff. 
MKP',  041  A  041  =  135°    «. 


Habit  prismatic,  resembling  topaz.  Also  in  iodiBtinct 
embedded  crystals,  and  dissemiiiuted  iiiasGes. 

Cleavage:  c  verv  indistinct.  Fracture  uneven  to  snbcon- 
choidal.  Brittle.  '  H.  =  7-7-25.  G.  =  '^-QT-S-OS.  Color 
pale  wine-yellow  to  colorlesB,  yellowish  white,  dark  wtne- 
yeltfcw,  yelfowiah  brown.  Luster  vitreous  to  greasy,  on  crpiiil 
BUrfuceB  brilliant.    Transparent  to  translucent.    Streak  wliilo. 

Coiup.  —  CaB,(SiO,),  or  CaO.B,0,.2SiO,  =  Silica  4Sa. 
S-4,  lime  22-8  =  100. 


Pyr.,  etc.— B.B.  fuses  ii 


Sun 


colorless  alnsa,  nnd  Inipavii 


II  color  lo  Ihe  ().  F. 


to  give  llie  reacdou  of  boric  acid  wilh  turmeric  paper.  WLen  previously  igulleil  gelutliiizes 
with  liydrocliloHc  add.     Pliusplioresces  oti  heiiling,  giving  n,  reddish  Hghl. 

Ob«.— Occurs  at  Daubury,  Cohg..  Willi  ralc-rocUiie  ami  oligoclHBe  Id  ciolnmile.  At 
Russell,  N.  Y.,  Id  Sue  crysrals.  On  the  Piz  Vnlatscha,  the  norlliGrti  spur  of  Mi.  Skopi 
south  of  DUseulia  !□  eastern  Swilzerlimil,  iii  slender  prismHlic  crystals. 

Barbowitb.  This  doubtful  ipecies.  occurring  wilh  bhif  corundum  in  the  Ural,  is  by 
some  authors  clatiBed  with  danburite;  composliiou  CaAIiSiiO,  like  aaortliite. 


TOPAZ. 

Orthorhombic.    Axes  ail:  6  =  0-52854  ;  1  :  0-47698. 
837,  B3B.  839. 


Unil 

Binzil.                Durango. 

japan . 

110  A  110=    SriMff. 

Wf.  041  A  041  =  134°  41'. 

«k' 

Ill  A  111=    78° 

20' 

120  A  130  =    89'  49'. 

ei,     001  A  223=    34°  14'. 

uh' 

,  111  Alil=    89° 

0' 

801  A  301  =  133°    I'. 

ea.    001  A  HI  =    45°  3.'.'. 

oo'. 

831  A  221  =  105- 

043  A  043  =    64°  55'. 

CO,    001  A  221  =    63°  54'. 

«-" 

321  A  231  =    48° 

87i' 

SX-. 

ff,       021  A  021  =    87°  18'. 

Crystals  commonly  prismatic,  m  predominating;  or  ?  (120)  and  the  form 
then  a  nearly  square  prism  resembling  atidiilnsite.  Faces  in  the  prismatic 
zone  often  vertically  striated,  and  often  showing  vicinal  planes.  Also  firm 
columnar;  granular,  coarse  or  fine. 

Cleavage;  c  highly  perfect.  Fracture  subconchoidal  to  uneven.  Brittle. 
H.  =  8.  G.  =  3*4-3'6.  Luster  vitreous.  Color  straw-yellow,  wine-yellow, 
white,  grayish,  greenish,  bluish,  reddieh.  Streak  uncolored.  Transparent  to 
subt  ran  sin  cent.  Optically  +.  Ax.  pi.  \  h.  Bx  _L  c.  Axial  angles  variable. 
2E,  =  112°  to  120=*  40'.     Refractive  indices,  Brazil  (Miihlheims): 
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For  D        a  =  1-62986        fi  =  1-63077       y  =  108747        .'.    2V  =  49*  81' 

Var. — Ordinary.  In  prismatic  crystals  usuully  colorless  or  pale  yellow,  less  often 
pale  blue,  piuk,  etc.  The  yellow  of  the  Braziliau  crystals  is  changed  by  heating  to  a  pale 
rose-pink.     Often  coutaius  inclusions  of  liquid  CO*. 

Phy$alUe,  or  pyrop?iy$alite,  is  u  coarse  nearly  opaque  variety,  from  Finbo;  intumesces 
when  heated,  hence  its  name  from  (pvaaXii,  bubble,  &ud  nvfj,fire,  i^e/^t^  baa  a  colum- 
nar, very  compact  structure.  Rose  made  out  that  the  cleavage  was  the  same,  and  the 
form  probably  the  same;  and  Des  Cloizeaux  showed  that  the  optical  characters  were  those 
of  topaz. 

Comp.— (AlF),SiO,;  usually  containing  hydroxyl  and  then  [AI(F,OH)],SiO^ 
or  us  given  on  p.  430.  The  former  requires  Silica  32*6,  alumina  55*4,  fluorine 
20-7  =  108  7,  deduct  (0  =  2F)  8-7  =  100. 

Pyr.,  etc  — B.B.  iufuMble.  Fused  in  the  closed  tube,  with  previously  fused  and  pul- 
verized salt  of  pliosphorus,  etches  the  glass,  giving  off  silicon  fluoride,  which  forms  a  ring 
of  SiOs  above.  Wiih  cobalt  solution  the  pulverized  mineral  gives  a  fine  blue  on  heating. 
Onl}'  partially  atUick  'd  by  sulphuric  acid.  A  variety  of  topaz  from  Brazil,  wheu  heated, 
assum  '8  a  pink  or  red  hue.  resembling  the  Bialas  ruby. 

Diflf— Characterized  by  its  prismatic  crystals  with  angle<i  of  SO**  (124")  or  87*  (93');  also 
by  the  perfect  basiU  cleavage*;  hanlnoss;  infusibility;  Yields  fluorine  B.B. 

Obs. — Topaz  f>ccttrs  especially  in  the  highly  acid  Igneous  rocks  of  the  granite  family, 
as  gnuiite  and  rhyolite.  in  veins  and  cavities,  where  it  appears  to  be  the  result  of  furaarole 
action  after  the  crystallization  of  the  magma;  sometimes  also  in  the  surrounding  schists, 
gneisse-i.  er(\,  as  a  result  of  such  action.  In  these  occurrences  often  accompanied  by  fluor- 
ite,  cjis«*inrite,  tourmaline. 

Fine  U)|>.iz  comes  from  the  Urals,  from  Alabashka,  in  the  region  of  Ekaterinburg;  from 
Miask  in  the  Ilnieu  Mts  ;  also  the  gold-washings  on  the  R.  Sanarka,  in  Govt.  Orenburg;  in 
Nerchinsk,  beyond  L.  Baikal,  in  the  Adun-Chalon  Mis.,  etc.;  in  the  provhice  of  Miuas 
Geraes.  Brazil,  at,  Ouro  Preto  and  Villa  Rica,  of  deep  yellow  color;  at  the  tin  mines  of 
Ziunwald  and  Ebrenfriedersdorf,  and  smaller  crystals  at  Schnecken stein  and  Altenberg; 
sky-blue  crystals  in  Cairngorm.  Aberdeenshire:  the  Mourne  mountains.  Ireland;  on  the 
island  of  Elba.  Physulite  occurs  in  crysials  of  great  size,  at  Fossum,  Norway;  Finbo, 
Sweden.  PycniU  is  from  the  tin  mine  of  Altenberg  in  Saxony;  also  of  Schlackenwald, 
Zinnwald,  etc.  Fine  crystals  occur  at  Durango,  Mexico,  with  tin  ore;  at  San  Luis  Potosi 
in  rhyolite.  Mt.  Bischoff.  Tasmania,  with  tin  ores;  similarly  in  New  South  Wales.  In 
Jjipm  in  peginaiite  from  Otatii-yania,  Province  of  Omi,  near  Kioto. 

Ill  the  United  Stjites,  in  Maine,  at  Sloneh?im,  in  albitic  gninite.  In  Conn,,  at  Trumbull, 
with  fluorite;  at  Willimantic.  In  N.  Car.,  at  Crowder's  Mountain.  In  Colorado,  in  fine 
crystals  colorless  or  pale  blue  from  the  Pike's  Peak  region;  at  Nathrop,  Chaffee  Co.,  in 
wine-colored  crystals  with  spessariite  in  lithophyses  in  rhyolite;  sinnlarly  in  the  rhyolite 
of  Chalk  Mt.  In  UUih.  in  fine  tninsparent  colorless  crystals  with  quartz  and  sanidine  in 
the  rhyolite  of  the  Thomas  Range.  40  miles  north  of  Sevier  Lake. 

The  name  topaz  is  from  ro;rtr^«o5.  an  island  in  the  Red  Sea.  as  stated  by  Pliny.  But 
the  topaz  of  Pliny  was  not  the  true  topaz,  as  it  "yielded  to  the  tile."  Topaz  was  included 
by  Pliny  and  earlier  writers,  as  well  as  by  many  later,  under  the  name  chryeolUs. 


ANDAIiUSITB. 

Orthorhombic. 
841. 


Axes  d  :h  :  <5=0-9861  : 1  :  0-70245. 


842. 


m 


m 
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reous;  often  weak. 


m 


Mt 


mm-,  110  A  110  =  89*  l^. 
«',  Oil  A  Oil  =  70*  10*. 


Usually  in  coarse  prismatic  forms, 
the  prisms  nearly  square  in  form. 
Massive,  imperfectly  columnar;  some- 
times radiated  and  granular. 

Clftavage:  tn  distinct,  sometimes  per* 
feet  (Brazil);  a  less  perfect:  b  in  traces. 
Fracture  uneven,  suhconchoidal.  Brittle. 
H.  =  7-5.  G.  =  31 6-3-20.  Luster  vit- 
Color  whitish,  rose-red,  flesh-red,  violet,  pearl-gray   red- 
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dish  brown,  olive-green.  Streak  uncolored.  Transparent  to  opaqne,  UEiiaDy 
Bubtrauelucent.  rieochroism  strong  in  some  colored  varieties.  Abeorption 
strong,  Q  >  b  >  c.  Sections  normal  to  an  optic  axia  are  idiophanouB  or 
show  the  polarization- brush 88  distinctly  (p.  219).  Optically  —  Ax  pL  H  b 
Bx±C.     2H,  =  96°  30' Brazil;  /?,=  I'CSB;  J/- a  =  0-011.  ' 

UAiatMilt.  or  Maele  Is  n  viiriely  In  alout  ciysitiU  baviog  j^, 

tbe  mis  niiil  nugles  of  a  different  color  from  llie  resi.  owing  "•*' 

lo  H  regular  aniiiigemeDt  of  carliouaceous  inipuriiies  Ibi'oiigb 
lUe  interLor,  nnd  ncnce  exhibiting  a  colored  cross,  or  a  leB- 
Eelnted  iippeuraiicu  in  a  li-ansversu  section.  Fig.  844  allows 
aeclioiisuf  a  crystal. 

Comp.— Al.SiO,  =  (AlO)AlSiO,  or  Al.O.SiO,  = 
Silica  3C  8,  ulumiiia  63-3  =  100.  Maiigaaese  is 
sometimes  present,  as  in  muiiganandalneite. 

Pyr,,  etc.— B.B.  infusible.  With  cobalt  solution  gives  a 
blue  color  after  Igtiltion,  Not  decomposed  by  ncids.  De- 
composed on  fuaioQ  witb  cuuatic  alkalies  and  nlkatiue  cat- 

DiS.— Cbamcterized  by  tlie  nearly  square  prism,  pleo- 
clirniani,  biirdtiess,  iufusibllilv:  reaction  for  alumiun  B.B. 

Distinguisbed  In   Ibln   stK-ili'ii"  by  its   liigli   relief;   low 
interference- colors,  wbicb  ard  only  sliglilly  above  tliose  of 
gimrlzi   oegallve   bliijiial   cliiiracier;   negaiive  extension    of 
the  crystals  (diff.  from  sillimanite);  rather  distinct   prismatic 
parallel  extiuciioD  (diS.  from  pyroxece        --  -   - 
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cbnracieristic  arntngL'mcnt  of  Impurities  when  these  are  present  (Fig.  644).  The  pleo- 
cLroiKD),  which  la  oflun  lacking,  is  when  jircBent  siroag  and  charuclerislic. 

Obi.— Most  common  in  argtllnceiws  achist,  or  other  achtsls  imperfectly  cryslnlline;  also 
in  gueiss.  mica  schist  and  related  rocks:  rarely  iu  cnuoecliou  with  serpentine.  The  variety 
cliiustullle  la  commouly  a  contact  mineral  In  cltiy-alnLea,  t.g.,  adjoining  granitic  dikes. 
Sometimes  assoctated  with  sIllimaDile  nitb  parallel  axes. 

Found  ill  t^pniii,  in  Andalusia:  lu  the  Tyrol,  Llsens  Alp:  Id  Suxony,  at  Brauncdorf; 
Bavaria,  at  Wuusiedel,  etc.  In  Brazil,  province  of  Minns  Geraea,  iii  liue  crystals  and  as 
rolled  pebbles. 

In  N.  America,  in  Maim,  at  Stsndisb.  N.  Ilamp..  White  Mtii.  Notch;  ifait.,  At  Wesl- 
ford:  Lnncnsier,  both  varieties;  Sterling,  chlasloUle.  C'onfi..at  Lirclifleld  and  Wai-hliigtOD. 
Pi'in.,  in  Delawiire  Co.,  near  I,eiperville,  Inrge  cryst.;  Upper  Providence. 

Named  from  Anilaiusla,  Ihe  first  lociiliiy  uoied.  The  mime  marie  is  from  the  Lalin 
macula,  a  spot.  Chlastolite  Is  from  x">'^''o;,  arranged  duigonaily.  and  hence  fivni  cM. 
the  Qreek  name  for  the  letter  X. 


SHXIHANrTB.     FIbrolite. 

Orthorhombic.     Axes  d  :%  =  0'9ro  :  1.      mm'"  =  88°  15',  hit'  (230  A  i530) 

—  69°.  Prismatic  faoes  striated  and  rounded.  Commonly  in  long  slender 
[crystals  not  distinctly  terminated;  often  in  close  parallel  groups,  passing  into 
libroiia  and  columnar  massive  forms:  sometimes  radiating. 

Cleavage:  b  very  perfect.  Fracture  uueveii.  H.  =  0-7.  G.  =  3'23-3'24. 
Luster  vitreous,  approaching  auhadamaiitine.  Color  hair-brown,  grayish 
brown,  grayish  white,  grayish  ftreen,  pale  olive-green.  Streak  uncolored. 
Transparent  to  translucent.     Pleochroism  sonietitiips  distinct.     Optically  4-- 


*ii  DEBCRIPTITB   VIKERALOQT. 

Double  refractioD  stroDg.  Ax.  pi.  |  6.  Bz  X  c.  Dispersion  p>  v.  SE,  = 
44'.     /9  =  1661;  y  -  a  =  0021. 

Pyr. — Same  as  andaluslW. 

Duf. — Cbaractcrized  bylu  fibrous  or  coluunar  fonD;  perfect  cleavage;  lafudbllitj; 
reaction  for  slumlaa. 

Id  thin  seciione  recognized  by  \Xb  form,  tuually  with  Iraoaverae  fractures;  parmllel 
extlQCIioa;  hlgli  i]iterftreuce-<o]orH. 

Oba.^Oritn  pre«enl  in  tbe  qiisrz  of  gneisses  and  sometiraes  gnultes  In  very  sleader, 
minute  prisms  comuiuDly  aggregaled  together  aud  sometimes  iulergrown  with  audulusite; 
ioilte  is  also  n  commnn  associate;  rartly  as  a  coniiict  niluenit;  often  occurs  niili  coruodum. 

Observed  in  mmiy  looilities.  Ihus  neiir  Holiliiu  in  Bohemia  ( Finer kietely.  at  Fnssn  in 
Tyrol  (bueAoltiU);  in  Ihe  Ciirtiatic  with  curimdum  {JlbnUu);  at  Bodeomais,  Bavaria;  Prel- 
ber|C.  Saxony;  ia  Prvtice,  aear  Ponigibaild  and  oilier  points  in  Auvergne;  forms  rolled 
raassHS  in  tbe  diumaDtiferous  annds  of  Hiuns  Qeraes,  Brazil. 

In  llie  Unltiii  States.  In  SfauaehuietU.  iit  Worcester.  In  Gmneelieut.  near  Norwich, 
with  zircon,  monnzite  and  corundum:  at  Willimantic.  In  N.  York,  tX  Torktown.  Wesu 
Chester  Co.;  in  Honrne.  Orange  CVi.  [mimroiiU).  In  Pena..  at  Chester  on  the  Delaware, 
near  Qiieensbiiry  force;  In  Delaware  Co. ;  DtlaadTt.  al  Brandywioe  Springs.  With  corun- 
dum in  N.  Carolina 

Named  fibroliU  from  the  fibrous  msssive  variety  {Qerm.,  Faserklesel);  nilimaiu'U,  after 
Prof.  Benjamin  Silliman  of  New  Haven  (177&-18M). 

Bamlife,  xenoliU,  wriAiU  probably  belong  to  slllimanite;  the  last  Is  Altered. 


OTAHITE.     Eyanfte.     Disthene. 

Trielinic.      Axes  d:h:6  =  0-8994  :  1  : 07090 ;   a  =  i 
Y  =  105°  44i'.     flc,  100  A  001  =  78"  30' ;  be,  010  A  001  = 

B46.  Usually  in  long  bladed   crystals,  rarely  termioated. 

Also  coarsely  bladed  columnar  to  subfibrons. 

Cleavage:  a  very  perfect;  6  lees  perfect;  also  parting 
\c.  U.  =  5-7'25;  the  least, 4-5,  on  a  |  (t;  6-7  on  a  |  edge 
a/c;  7  on  b.  G.  =  3-56-3'67.  Luster  vitreous  to  pearly. 
Color  blue,  white;  blue  along  the  center  of  the  blades  or 
crystals  with  white  margins;  also  gray,  green,  black. 
Streak  uncolored.  Translucent  to  transparent.  Pleo- 
chroism  distinct  in  colored  varieties.  Optically  — .  Ax. 
pi,  nearly  \_  a  and  inclined  to  edge  a/b  on  a  about  30°, 
and  about  TJ  on  b.  2H^,  =  99°  18'  Pfitschthal. 
Omp. — Empirical  formula  Al^SiO,  or  Al  0,.SiO„  like  andalusite  and  silli- 
manite.     Perhaps  a  basic  metasilicate,  (A10),SiO,. 

P7T..at«.— Sameasforaodnlusite.   At  a  high  temperature  (lS20°-IS80°)cyaiiiteaaauines 

the  physical  charaoteia  of  Billlmanlle. 

Din.— Cburacterized  by  tiie  bladed  form;  common  blue  color;  vaiylug hardness;  lufusi- 
bllity;  reaction  for  alumlnn. 

Obi.— Occurs  principally  in  gneiss  and  mica  schist  (both  Ihe  ordinary  vorlety  with 
musciivite  and  also  I  hat  with  paragonltej  ofteti  necompaDied  by  garnet  and  sometimes  l>y 
siaurolile;  aleo  In  ecloglie.    It  is  often  associnied  with  corundum. 

Found  in  transparent  crystals  al  Monte  Campione  in  tlic  St.  Gothard  region  In  Switser- 
land  io  paragonlte  scliisl;  on  Ht.  Grelner.  Zillerthal.  and  in  (he  PtlUchtbnt  {rhaUntt,  while) 
in  Tyrol;  In  ecloglie  of  the  Saualpe,  Carinlhia;  HorrsjOberg  In  Wermiand,  Sweden;  Villa 
Rioi.  Brazil,  etc. 

In  Mau.,  at  Ciiesterfield.  with  garnet  in  mica  schist.  lu  Conn.,  at  Litchfield  and 
Waaiiincton.  In  Vermont,  at  Thelford.  In  Penn.,  in  Cbesier  Co.  and  In  Delaware  Cn. 
Id  Virginia,  Bucklugbam  Co.  lu  JV,  Caroliaa,  with  rutlle.  Inziilite,  etc.,  at  Crowder*! 
Ht, ,  Oaston  Co. ;  In  Oaston  and  Rutherford  counties  associated  wilfa  corundum,  damourite; 
beautiful  clear  green  In  Yancey  Co.    Nametl  from  icvaroi,  bbu. 
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Datolite  Group.    Monoclinic. 

nm  n  nx 


Basic  Orthosilicates,    HRRSiO,  or  R,R,(SiO  J,.    Oxygen  ratio  f or  R :  Si  =  3 : 2. 

n  m 

R  =  Ca,Be,Fe,  chiefly;  R  =  Boron,  the  yttrium  (and  cerium)  metals,  etc. 

a  :  i  :  d  6 

DatoUte  06345  :  1  :  1-2657        89°  51' 

HCaBSiO,  or  Ca(BOH)SiO, 

HomUite  0-6249  :  1  :  12824        89°  21' 

Ca,FeB,Si,0,.  or  Ca.Fe(BO),(SiOJ. 

2a  :  i  :  4(5  (3 

Euclase  06474  :  1  :  1-3330        79°  44' 

HBeAlSiO,  or  Be(A10H)SiO,  a 

Gadolinite  06273  :  1  :  1*3215        89°  26^' 

Be,FeY.Si.O„  or  Be.Fe(YO),(SiOJ. 

The  species  of  the  Datolite  Group  are  usually  regarded  as  basic  ortho- 
silicates,  the  formulas  being  taken  in  the  second  form  given  above.  They  all 
crystallize  in  monoclinic  system,  and  all  but  Euclase  conform  closely  in  axial 
ratio;  with  the  latter  there  is  also  a  distinct  morphological  relationship. 

DATOUm. 

Monoclinic.    Axes  a  :  ^  :  (J  =  06345  :  1  :  1-2657;  p  =  89°  51i'. 

mm'",  110  A  liO  =    64*  47.  en,    001  A  HI  =  66*  57'. 

ac,        100  A  001  =    89°  51'.  em,  001  A  110  =  89'  5^. 

ax,        100  A  101  =    45*    C.  ce,    001  A  112  =  49*  49'. 

gg',       012  A  012  =    64'  39^'.  nn'.  111  A  111  =  59°    4 J'. 

w,m,',  Oil  A  Oil  =  103°  23^.  ee',  112  a  112  =  48°  19J'. 

Crystals  varied  in  habit;  usuallv  short  prismatic  with  either  m  or  ^  pre- 
dominating; sometimes  tabular  ||  x  (201);  also  of  other  types,  and  often  highly 
modified  (Figs.  846-849).  Also  botryoidal  and  globular,  having  a  columnar 
structure;  divergent  and  radiating;  sometimes  massive,  granular  to  compact 
and  crypto-crystalline. 

846.  847. 


Bergen  Hill. 

Cleavage  not  observed.     Fracture  conchoidal  to  uneven.     Brittle.    H.  = 
5-5-5.    G.  =  2'9-30.    Luster  vitreous,  rarely  subresinous  on  a  surface  of  frac- 
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ture.  Color  white;  sometimes  grayish^  pale  green,  yellow,  red,  or  amethystine, 
rarely  dirty  olive-green  or  honey-yellow.  Streak  white.  Transparent  to* trans- 
la  cent;  rarely  opaque  white. 

Var. — 1.  Ordinary,  In  glassy  crystals  of  varied  bnbit.  usually  witb  a  green isb  tiugc. 
Tbe  angles  in  the  prismatic  and  clinodome  zones  vary  but  little,  e.g.,  110  a  ilu  =  64**  47^, 
wbile  Oil  A  Oil  =  bO*  37',  etc.  2.  Compact  rnassite.  Wbiie  op»que  cream-colored,  pink; 
breaking  witb  tlie  surface  of  porcelain  or  Wedgewood  ware.  From  tbe  L.  Superior  rej^ion. 
3.  Boiryoidal;  ButryoUte.  Radiated  columnar,  baviug  a  botr}'oidal  surface,  and  containing 
more  water  tban  tbe  crystals,  but  opiicully  identical. 

Cemp. — A  basic  orthosilicate  of  boron  and  calcium ;  empirically  HCaBSiO^ 
or  H.0.2CaO.B,0..2SiO,:  this  may  be  written  Ca(BOH)SiO,  =  Silica  376, 
boron  trioxide  2  IS,  lime  350,  water  5*6  =  100. 

Pyr.,  etc.— In  tbe  closed  tube  gives  off  much  water.  B  B.  fuses  at  2  witb  intumescence 
to  a  clear  glass,  coloring  tbe  flame  brigbt  green.     Gelatinizes  witb  bydrocbloric  ncid. 

I>i£f. — Cbaracterized  by  its  glassy,  greenish,  complex  crystals;  easy  fusibility  and  green 
flame  B  B. 

Obi.— Datolite  is  found  chiefly  as  a  secondary  mineral  in  veins  and  cavities  in  basic 
eruptive  rocks,  often  associated  with  caJcite,  prebnite  an<l  various  zeolites;  someiimes 
associated  witb  danburite;  also  in  gneiss,  diorite,  and  serpentine;  in  metallic  veins;  some- 


848. 


849. 


Bergen  Hill. 


Andreasberg. 


times  in  beds  of  iron  ore.  Found  in  Scotland,  in  trap,  at  tbe  Kilpatrick  Hills,  etc;  in 
H  bed  of  magnetite  at  Arendal  in  Norway  (hotryolite) :  at  Ul5  in  Sv^eden:  at  Andreasberg 
ill  diabase  and  in  veins  of  silver  ores;  in  Rhenish  Bavaria  (the  humboUHUe):  at  tbe  8eisser  Alp, 
Tyrol,  and  at  Tbeiss,  near  Claussen.  in  peodes  in  amygdaloid;  in  gianite  at  Baveno  near 
li  ICO  Magiriore;  at  Toggiana  in  Modena,  in  serpentine;  Monte  Catini  in  Tuscany. 

In  the  U.  S.  not  uncommon  with  the  diabase  of  Connecticut  and  Massachusetts.  Thus 
at  the  Rocky  Hill  quarry,  II»irtford.  Conn.;  at  Middlefield  Falls  and  Roaring  Brook.  Conn. 
In  N.  Jersey,  at  Bergen  Hill,  in  splendid  crystals;  at  Paterson,  Passaic  Co.  Both  crystals 
and  tlie  opaque  compact  variet}'.  in  the  Lake  Superior  region. 

Named  from  dartia^ai,  to  ditide,  alluding  to  tbe  granular  structure  of  a  massive 
variKy. 

HomiUte  (Ca.  Ke),BaSi,0,o  or  (Ca.Fe),(B0)v(Si04),.  Crystals  often  Uibular  |  e:  angles 
near  those  of  datolite.  H,  =  5.  G  =  3*88.  Color  black,  blackish  brown.  Found  on  tbe 
island  StokO  and  other  islands,  in  the  Langesuntl  liord,  Norway. 

Suclase.  HBeAlfliO*  or  Bef  A10H)Si04.  In  prismatic  crystals.  Cleavage  :  b  OlOj 
perfect  If.  =  7*5.  G  =  3-05-3-10.  Luster  vitreous.  Colorless  to  pale  green  of  blue. 
From  Brazil,  in  tbe  province  of  Mina**  Qeraes;  in  the  auriferous  sands  of  the  Orenbur^^ 
district,  southern  Ural,  near  the  river  Sanarka;  in  tbe  Glossglockner  region  of  tbe  Austrian 
Alps. 

Gadolinite.  BcFeYaSiaOio  or  Be,Fe(Y0),Si04)«.  Crystals,  often  prismatic,  rough 
and  roar5»e;  commonlv  in  ma-vcs.  Cleavage  none.  Fracture  conchoidal  or  splmtery. 
Brittle.  H.  =  6-5-7.  *G.  =  40-4-5;  normally  4  86-4  47  (anisotropic),  4-24-4  2fl  (isotropic 
and  amorphous  from  alteration).     Luster  vitreous  to  greasy.    Color  black,  gri^enish  black. 
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also  browD.    From  near  Falun  and  Ttterbv,  Sweden;  HitterO,  Norway;  also  Id  Llano  Co., 
Texas,  in  nodular  masses  and  rough  crystals,  sometimes  up  to  40  or  60  pounds  iu  weight. 

The  yttrium  earths  or  "  ffadolinite-earths "  (partly  replaced  by  the  oxides  of  cerium, 
lanthanum  and  didymium)  form  a  complex  group  which  contains  considerable  erbium, 
also  several  new  elements  (ytterbium,  scandium,  etc.)  of  more  or  less  definite  character. 

Yttrialite.  A  silicate  of  thorium  and  the  yttrium  metals  chiefly.  Massive;  amorphous. 
G.  =  4*575.  Color  on  the  fresh  fracture  olive-green,  changing  to  orange-yellow  on  surface. 
Associated  with  the  gadolinite  of  Llano  Co.,  Texas. 

Rowlandite.  An  yttrium  silicate,  occurring  massive  with  gadolinite  of  Llano  Co., 
Texas;  color  drab-green. 

Mackintoshite.  Silicate  of  uranium,  thorium,  cerium,  etc.  Massive.  Color  black. 
Llano  Co.,  Texas. 


1x6 

1  : 0  3429 

h:d 

1  :  1-8036 

64**  37' 

1  :  1-8326 

64**  39' 

1  :  1-7691 

64**  59' 

Epidote  Group.     Ortborhombic  and  Monoclinic. 

n  ni  n     m  m 

Basic  Orthosilicates,  HR,B,Si,0„  or  R,(ROH)R,(SiO,), 

u  II         nx  mm 

R  =  Ca,Fe;  K  =  Al,Fe,Mn,Ce,  etc. 
a.  Ortharhombic  Section. 

d 

Zoisite  Ca,(A10H)Al.(SiOJ,  0-6196 

fi,  Manodinic  Sedian. 

T«nH«tA  i  mCa,(A10H)Al,(SiO,).  a 

Bpidote  ^  nCa,(FeOH)Fe,(SiOJ.  1*5787 

Piedmontite      Ca,(A10H)(Al,Mn),(SiO,),  1-6100 

Allanite  (Ca,Fe).(A10H)(Al,Ce,Fe),(SiO,),    1-5509 

Tbe  Epidote  Group  includes  tbe  above  complex  orthosilicates.  Tbe 
monoclinic  species  agree  closely  in  form.  To  them  the  ortborhombic  species 
zoisite  is  also  related  in  angle,  its  prismatic  zone  corresponding  to  the  mono- 
clinic orthodomes,  etc.     Thus  we  have  : 

Zoisite    mm"\  110  a  110  =  68"*  34'.        Epidote    cr,      001  A  101  =  68'  42'. 

uu\     021  A  021  =  68*  54'.  mm',  110  A  110  =  70*    4'.  etc. 

There  seems  to  be^  however,  a  monoclinic  calcium  compound,  having  the  com- 
position of  zoisite,  but  monoclinic  and  strictly  isomorphous  with  ordinary 
epidote;  it  is  called  clinozoisite, 

ZOISITB. 
Ortborhombic.     Axes  &:l:t^  0  6196  :  1  :  0-34295. 

wim'",  110  A  110  =  63- 84'.  jT.    Oil  A  Oil  =  87'*  52'. 

dd\      101  A  101  =  57**  56'.  oo"\  111  A  111  =  88'  24'. 

Crystals  prismatic,  deeply  striated  or  furrowed  vertically,  and  seldom 
distinctly  terminated.     Also  massive;  columnar  to  compact 

Cleavage:  h  very  perfect.  Fracture  uneven  to  subconchoidal.  Brittle. 
H.  =  6-6*5.  G.  =  3-25-3 '37.  Luster  vitreous  ;  on  the  cleavage-face,  6,  pearly. 
Color  grayish  white,  gray,  yellowish  brown,  greenish  gray,  apple-green;   also 

f)each-blos8om-red  to  rose-red.     Streak  uncolored.     Transparent  to  subtrans- 
ucent. 

Pleochroism  strong  in  pink  varieties.  Optically  +.  Ax.  pi.  usually  I  h\ 
also  II  c.  Bx  J. a.  Dispersion  strong,  p  <v;  also  p  >  v.  Axial  angle  variable 
even  in  the  same  crystal.     2E,  =  42°-90°.     /3  =  1-696;  y  —  a  =  0-006. 
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Var. — 1.  Ordinary.  Colors  gray  to  white  and  brown;  aho  green.  Usually  in  indistinct 
prismatic  or  columnar  forms;  also  in  fibrous  aggregiites.  G.  =  d'226-3'881.  Unionite  is  a 
very  pure  zoisite.  2.  Ro$e-red  or  Thulite,  Fragile;  pleochroism  strong.  8.  tomp<tet, 
fnasnve.  Includes  the  esseutial  part  of  most  saussurite  {e.g.t  in  saussurite-gabbro),  which 
has  arisen  from  the  alteration  of  feldspar. 

Comp.— HCa,Al,Si,0„  or  4CaO. 3 Al,0,.6SiO,. H.O  =  Silica  39-7,  alumina 
33*7,  lime  24*6,  water  2'0  =  100.  The  alumina  is  sometimes  replaced  by  iron, 
thus  graduating  toward  epidote^  which  has  the  same  general  formula. 

Pyr.,  etc. — B.B.  swells  up  and  fuses  at  8-3*5  to  a  white  blebby  mass  Not  decompoeed 
by  acids;  when  previously  ignited  gelatinizes  with  hydrochloric  acid.  Gives  off  water 
when  strongly  ignited. 

Difif. — Cliaracterized  by  the columuar structure;  fusibility  with  intumescence;  resembles 
aome  amphibole. 

Distiuguished  in  thiu  sections  by  its  high  relief  and  very  low  interference-colors;  lack 
of  color  and  biaxial  character.  From  cpidote  it  is  distinguished  by  its  lack  of  color  and 
low  birefringence;  from  vesuviauite  by  its  color  and  biaxial  character.  Thin  sections  fre- 
quently show  the  '* ultra  Hue*'  (p.  428)  between  crossed  nicols. 

Obi. — Occurs  especiallv  in  tliose  crystalline  schists  which  have  been  formed  by  the 
dynamic  metaniorphism  of  basic  igneous  rocks  containing  plagioclase  rich  in  lime.  Com- 
monly accompanies  some  one  of  the  amphiboles  (actinolite,  hmuragdite.  glaucophaue,  etc.); 
thus  in  amphibolite,  glaucoph.ine  schist,  eclogite;  often  associated  with  corunilum. 

The  original  zoisite  is  that  of  the  eclogite  of  the  Saualpe  in  Cariniliia  'munljiite).  Other 
localities  are:  Rauris  in  Salzburg;  Sterzing,  etc..  in  Tyrol;  the  Fichtelgebirgt*  in  Bavaria; 
Marschendorf  in  Moravia;  Sa;isthal  in  Switzerland;  the  island  of  Syro.  one  ot  the  Cycladea, 
in  glaucophane  schist.  Thulite  occurs  at  Kleppau  in  Tellemarken,  Norway,  and  at  Tra- 
versella  in  Piedmont. 
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EPIDOTXI.     Pistacite.     Pistazit,  Germ. 

Monoclinic.     Axes  &  :%:  6  =  1*5787 

110  A  110  =  109"  56'. 
001  A  100  =  64"  87'. 
001  A  101  =  84"  48'. 
001  A  101  =  68"  42'. 
100  A  101  =    51"  41'. 


:  1-8036;  /?=64'*37'. 

el,   001  A  201  =  89"  26'. 

CO,  001  A  Oil  =  58,28'. 

en,  001  A  lH  =  75"  11'. 
an'",  100  A  111  =  69"  2'. 
nn'",ill  A  Hi  =  70"  29'. 


Twins :  tw.  pi.  a  common,  often  as  embedded  tw.  lamellae.   Crystals  usually 
prismatic  ||  the  ortho-axis  }>  and  terminated  at  one  extremity  only;  passing 


850. 


862. 


853. 


851. 


into  acicular  forms;  the  faces  in  the  zone  ac  deeply  striated.  Also  fibrous, 
divergent  or  parallel;  granular,  ])articles  of  various  sizes,  sometimes  fine 
granular,  and  forming  rock-masses. 
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Cleavage:  c  perfect;  a  imperfect.  Fracture  uneven.  Brittle.  H.  =  6-7. 
O.  =  3*25-3*5.  Luster  vitreous;  on  c  inclining  to  pearly  or  resinous.  Color 
pistachio-green  or  vellowish  green  to  brownish 
green^  greenish  blacky  and  olack;  sometimes 
clear  red  and  yellow;  also  ^ay  and  grayish 
white,  rarely  colorless.  Streak  uncolored,  gray- 
ish. Transparent  to  opaque:  generally  sub- 
translucent. 

Pleochroism  strong:  vibrations  ||  c  green,  b 
brown  and  strongly  absorbed,  a  yellow.  Absorp- 
tion usually  b  >  c  >  a  ;  but  sometimes  c  >  6  > 
Q  in  the  variety  of  epidote  common  in  rocks. 
Often  exhibits  idiophauous  figures;  best  in  sec- 
tions normal  to  an  optic  axis,  but  often  to  be  ob- 
served in  natural  crystals  (Sulzbach),  especially 
if  flattened  |  r  (lOl).  (See  p.  218.)  Optically  -. 
Ax.  pi.  II  b.  Bx.ar  A  (5  =  -  2°  56'.  Hence  c  X  a  (100)  nearly.  Dispersion 
ihclined,  strongly  marked ;  of  the  axes  feeble,  p  >  v.  2R^j  =  91°  20'. 
/?y  =  1-75702.       Birefringence  high,  y  ^  a  =z  0038  -  0*056. 


■ 

Var.— Epidote  has  ordinarily  ft  peculiar  yellowish  ereen  (pistachio)  color,  seldom  found 
in  other  minerals.  But  this  color  pusses  into  dark  nud  light  shades — black  on  one  side  and 
brown  on  the  other;  red,  ye) low  and  colorless  varieiits  also  occur. 

Var.  1.  Ordinary.  Color  green  of  some  shade,  as  described,  the  pistachio  tint  rarely 
absent,  (a)  In  crystals.  (6)  Fibrous,  (e)  Granular  massive,  (d)  Seorea  is  epidote  suud 
from  the  gold  washings  in  Transylvania.  The  Arendal  epidote  (il r«n(2a^tY«)  is  mostly  in 
dark  greeii  crystals;  that  of  Bourg  d'Oisnns  Dauphitie  (TliaUite,  DdphiniUy  Oitanite)  in  yel- 
lowish-green crystals,  sometimes  transparent ,  PuBchtdnite  includes  crystals  from  the  aurif- 
erous sttuds  of  Ekaterinburg,  Ural.  Achnnitite  is  ordinary  epidote  from  Aclimatovsk,  Ural. 
A  variety  from  Qurda.  Hoste  Is.,  Terra  del  Fuego,  is  colorless  and  resemliles  zoisite. 

2.  The  Biicklnndite  from  Achmatovsk,  desiTihed  by  Hermann,  is  black  with  a  tinge  of 
green,  and  diflfera  from  ordinary  epidote  in  hnvlng  ilie  crystals  uenrlv  symmetrical  and  not, 
like  other  epidoic,  lengthened  fn  the  direction  of  the  orthodiagonaf.     G.  =8  51. 

3.  Wiitiamite.  Carmine- red  to  straw -yellow,  Ptmngly  pleochroic;  deep  crimson  and 
stmw-yellow.  11.  =  ft-C  5;  G  =  3*187:  in  small  radiated  groups.  From  Glencoe,  in  Argyle- 
shire,  Scotland.     Someiimis  referred  to  piedmoutlte,  but  contains  little  MuO. 

Comp.— HCa,(Al,Fe).Si.O,.  or  H,0.4Ca0.3(Al,Fe.),O..CSiO„  the  ratio  of 
aluminium  to  iron  varies  commonly  from  6  :  I  to  3  :  2.  Percentage  composi- 
tion: 

For  Al  t  Fe  =  8  : 1   SiO,  87  87,  A1,0,  2418,  Fc,0. 1260,  CaO  28  51,  HaO  1-89  =  100 

ClinozaisiU  is  an  epidote  without  iron,  having  the  composition  of  zoisite;  fovgueite  is 

Srobably  the  same  from  an  anorthite-gneiss  in  Ceylon.  Pieroepidote  is  supposed  to  contain 
[g  in  place  of  Ca. 
Pyr..  etc. — In  the  closed  tube  gives  water  on  strong  ignition.  B.B.  fuses  with  intumes- 
cence at  3-3  5  to  a  dark  brown  or  black  mass  which  is  generally  ma^etic.  Reacts  for  iron 
and  sometimes  for  manganese  with  the  fluxes.  Partially  decomposed  by  hydrochloric  acid, 
but  when  previously  ignited,  gelatinizes  with  acid,  Decomposed  on  fusion  with  alkaline 
carbonates. 

Di£f.— Characterized  often  by  its  peculiar  yellowish -green  (pistachio)  color;  readily  fusi- 
ble and  yields  a  magnetic  globule  B  B.  Prismatic  forms  often  longitudinally  striated,  but 
they  have  not  the  angle,  cleavage  or  brittleness  of  tremolite;  tourmaline  has  no  distinct 
cleavage,  is  less  fusible  (in  common  forms)  and  usually  shows  its  hexagonal  form. 

Uecogiiized  in  thin  sections  by  its  high  refraction;  strong  interference-colors  rising  into 
those  of  the  third  order  in  ordinary  sections:  decided  color  and  striking  pleochroism;  also 
by  the  fact  that  the  plane  of  the  optic  axes  lies  transversely  to  the  elongation  of  thB 
crystals. 
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Obi. — Epidote  is  commonly  formed  by  the  metamorphism  (both  local  igueous  and  of 
gciierul  dyuuniic  cbamcter)  of  impure  calcareous  sedimentary  rocks  or  igueous  rocks  con- 
taining  much  lime.  It  thus  often  occurs  in  gueissic  rocks,  mica  schist,  amphibole  schi&t, 
serpentine;  so  also  in  (|uurtziies  nud  sandstones  altered  by  Deighboriug  igneous  rucks. 
Often  accompanies  beds  of  magnetite  or  hematite  in  such  rocks.  Has  also  been  found  in 
granite  (Hobbs,  Maryland),  and  regarded  as  an  oiigiual  mineral. 

It  is  often  associated  with  quartz,  feldspar,  actiuolite,  axiniie.  chlorite,  etc.  It  some- 
times forms  with  quartz  an  efiidote  rock,  called  tpidotite.  A  similar  rock  exists  at  Mel- 
bourne in  Canada.  A  gneissoid  r  ick  consisting  of  fle^^h-colored  orthoclase,  quartz  and 
epidote  from  the  UnakaMts.  (N.  C.  and  Tenu.)  has  l)ecu  called  unakvle. 

Beautiful  crystallizations  come  from  Bourg  d'Oisans,  Dauphine;  the  Ala  valley  and 
Traversella,  in  Piedmont;  Elba:  Zermatt:  Zillerihal  in  Tyrol;  also  in  tine  crystals  from  the 
Knappenwand  in  the  Untersulzbachthal,  Pinzgau,  associated  with  asbestus.  adularia,  apa- 
tite, tilanite,  scheelite;  further  at  Striegau.  Silesia;  ZOptau,  Moravia;  Arendal,  Norway;  the 
Achmatovsk  mine  near  Zlatoust,  Ural. 

In  N.  America,  occurs  in  N,  Hnmp.,  at  Francouia.  In  Mass.,  at  Hadlyme  and  Chester, 
in  crystals  in  gneiss;  at  Athol.  in  syenitic  gneiss,  in  fine  crystals,  2  m.  S.  W.  of  the  center 
of  the  town;  Newbury,  in  limestone.  In  O/i/i.,  at  Haddam,  in  large  splendid  crystals. 
In  N,  York,  near  Amity;  Monroe,  Orange  Co.:  Warwick,  pale  yellowish  green,  withtitnnite 
and  pyroxene.  In  N.  Carolina,  at  Hampton's,  Yance);  Co. ;  White's  mill,  Gaston  Co  ;  Frank- 
lin, Macon  Co.;  hi  crystals  and  crysUdline  masses  in  quartz  at  White  Plains,  Alexander 
Co.     In  Michigan,  in  the  Lake  Superior  region,  at  many  of  the  mines. 

Epidote  was  named  by  Hatty,  from  the  Greek  eTcidoati,  increase,  translated  by  him, 
"qui  &  re^u  un  accroissement,"  the  base  of  the  prism  ^rhomboidal  prism)  having  one  side 
longer  than  the  other.  Pistacite,  from  niaraKia,  t?te  putachio-nut,  refers  to  the  color. 

Piedmontite.  Similar  in  angle  to  ordinary  epidote,  but  contains  5  to  15  p.  c.  Mi»tOi. 
n.  =  65.  G.  =  8*404.  Color  reddish  brown  and  leddish  black.  Pleochroism  sironcr. 
Absorption  a  >  b  >  c.  Optically  -+-.  Ax.  pi.  |  b.  Bx,.,  A  ^  =  +  82*'  34',  a  a  <^  =  —  6* 
to  —  3**.  Occurs  with  manganese  ores  at  St.  Marcel,  Piedmont.  In  crystalline  schists  on 
He  de  Groix,  France;  in  glaucophane-schist,  in  Japan.  Occasionally  in  quartz  porphyry, 
as  in  the  antique  red  porphyry  of  Egypt,  also  tbat  of  South  Mountain,  Peun. 

ALLANITB.     Orthite. 

Monoclinic.  Axes,  p.  437.  In  angle  near  epidote.  Crystals  often  tabu- 
lar I  a ;  also  long  and  slender  to  acicular  prismatic  by  elongation  I  axis  h. 
Also  massive  and  in  embedded  grains. 

Cleavage:  a  and  c  in  traces  ;  also  m  sometimes  observed.  Fracture  uneven 
or  subconchoidal.  Brittle.  H.  =5  5-6.  G.  =  3*0-4 •2.  Luster  submetallic, 
pitchy  or  resinous.  Color  brown  to  black.  Subtran  sin  cent  to  opaque.  Pleo- 
chroism strong  :  c  brownish  yellow,  b  reddish  brown,  a  greenish  brown.  Opti- 
cally — .  Ax.  pi.  II  b,  Bxa  A  <J  =  32i°  approx.  /i  =  1-682.  Birefringence 
low;  ^  —  a  =  0*032.  Also  isotropic  ana  amorphous  by  alteration  analogous 
to  gadolinite. 

V^r.—AUanite.  The  original  mincrjil  was  from  Eust  (ireenland,  in  Ubular  crystals 
or  plates.  Colo  black  or  bro  \  nish  black.  G.  =  3-50-3-95.  Bucklandite  is  anhydrous 
allunite  in  small  black  crystals  from  a  magnetite  mine  near  Arendal,  Norwav.  BagraUon- 
iU  occurs  in  black  cirstals  which  are  like  the  bucklandite  of  Aclimalovsk  (cpidoteV 

Ortfiite  included,  in  its  original  use,  the  slender  or  acicular  prismnlic  crystals,  containing 
some  water,  from  Finbo.  near  Falun,  Swedon.  But  these  graduate  into  massive  forms,  and 
some  orthiles  are  anhydrous,  or  as  nearly  so  as  most  allaniie.    The  name  is  from  of^o?^ 

*^'*"^^^-  mil  „ 

Comp.— Like    epidote    HRR,Si,0„  or  II,0.4R0.3R,0,.6SiO,  with  R  =  Ca 

and  Fe,  and  R  =  AUFe,  the  cerium  metals  Ce,  Di,  La,  and  in  cmaller  amounts 
those  of  the  yttrium  group.  Some  varieties  contain  considerable  water,  but 
probably  by  alteration. 

■  Pyr. ,  etc. —Some  vaHeties  give  much  water  in  the  closed  tube,  and  all  kinds  yield  a  small 
amount  on  strong  ignition.    B.B.  fuses  easily  and  swells  up  (F.  =  2*5)  to  a  dark,  blebby. 
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mafi^netic  ^lass.  With  the  fluxes  reacts  for  iron.  Most  varieties  gelatiuize  with  hydrochloric 
acia,  but  if  previously  iguited  are  not  decomposed  by  acid. 

Obs. — Occurs  in  albitic  and  common  feldspathic  grunite,  gneiss,  syenite,  zircon-syenite, 
porphyry.  Thus  in  Greenland  ;  Norway  ;  Sweden  ;  Btriegnu,  Silesia  Also  in  white  lime- 
stone as  at  Auerbach  on  the  Bergstrasse  :  often  in  mines  of  magnetic  iron.  Rather  common 
as  an  accessory  constituent  in  many  rocks,  as  in  andesite,  diorite,  ducite,  rhyolite,  the  tonulite 
of  Mt.  Adamello,  the  scapolite  rocks  ot  Odegaiirdeu,  Norway,  etc.  Sometimes  inclosed  us> 
a  nucleus  in  crystals  of  the  isomorplDus  species,  epidote. 

At  Vesuvius  in  ejected  masses  with  sanidine,sodalite,  nephelite,  hornblende,  etc.  Simi- 
larly in  trachytic  ejected  masses  at  the  Laucher  See  {hucklandite). 

In  Mass.,  at  the  Bolton  quarry.  In  N.  York,  Moriah,  Essex  Co.,  with  magnetite  and 
apatite  ;  at  Monroe,  Orange  Co.  In  N.  Jersey,  at  Franklin  Furuance  with  feldspar  and  mag- 
netite. In  Petin.,  at  8.  Mountain,  near  Bethlehem,  in  large  crystals  ;  at  E.  Bradford  ;  ne^ir 
Eckliardt*s  furnace,  Berks  Co. ,  abundant.  In  Virginia,  in  Targe  masses  in  Amherst  Co.;  also 
in  Bedfoi-d,  Nelson,  and  Amelia  counties.  In  N,  Cc^rolina,  at  many  points.  At  the  Devi.'s 
Head  Mt.,  Douglas  Co  ,  Colorado. 


AXINTTB. 

Triolinic.     Axes  a:h:d  =  04921  :  1  :  0*4797  ;  a  =  82°  54',  /?  =  91°  dZ', 
y  =  131°  32'. 

866.  866.  867. 


w 


M 
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Dauphin§.  Poloma.  Bethlehem,  Pa. 

aw.  100  A  100  =  15"  34'.  Mr,  110  A  111  =  45'  15'. 

aM,  100  A  110  =  28"  55'.  fwr.  110  a  111  =  64"  22'. 

as,  100  A  201  =  2r  87'.  t?w,  110  a  201  =  27"  57'. 


Crystals  usually  broad  and  acute-edged,  but  varied  in  habit.  Also  massive, 
lamellar,  lamellae  often  curved  ;  sometimes  granular. 

Cleavage  :  b  distinct.  Fracture  conchoidal.  Brittle.  H.  =  6'5-7.  6.  = 
3'27I-3'294.  Luster  highly  glassy.  Color  clove-brown,  plum-blue, and  pearl- 
gray  ;  also  honey-yellow,  greenish  yellow.  Streak  uncolored.  Transparent  to 
subtrauslucent.  Pleochroism  strong.  Optically  ~.  Ax.  pi.  and  Bxa  approxi- 
mately 1  X  (ill).  Axial  angles  variable.  2H^r  =  87°  30'  ;  /?,  =  1-678. 
Pyroelectric  (d.  234). 

Comp. — Al)oro-silicate  of  aluminium  and  calcium  with  varying  amounts  of 
iron  and  manganese.  Perhaps  H,R,(BO)Al.(SiOJ,  (Whitfield.)  R  =  Cal- 
cium  chiefly,  sometimes  in  large  excess,  again  in  smaller  amount  and  manga- 
nese prominent ;  iron  is  present  in  small  quantity,  also  magnesium  and  basic 
hydrogen. 

Analyses.     1,  Whitfield  ;  2,  Genth. 

G.     SiO,    B,0,  AUG,  Pe,0,  FeG    MnG  CaG  MgG  iirn. 

1,  Bourgd'Gisnns            41-53    4  62    1790    390    402      8*79  2166  0  74  2-16  =  100  82 

2.  Franklin.  CT-y*^.  3'358  42-77    510    16  73    103    1-60*  18  69  18  25  0-28  076  =  100-16 

•ZnG.  inclnding  012  CnG. 

Pyr.,  etc.— B.B.  fuses  readily  with  intumescence,  imparts  a  pale  green  color  to  the  G.F., 
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and  fuses  at  2  to  a  dark  green  to  black  glass  ;  with  borax  in  O.F  gives  an  amethTStine 
bead  (manganese),  which  in  RF.  becomes  yellow  (iron).  Fused  with  a  mixture  of  bisufpbate 
of  potash  and  lluor  ou  the  platinum  loop  colors  the  flame  ^reen  (boric  acid).  Not  decom- 
posed by  acids,  but  when  previously  ignited,  gelatinizes  with  hydrochloric  acid. 

OlMk—Axinite  occurs  in  clove-brown  crystals,  near  Bourg  d'Oisans  in  Dauphin^  ;  at 
Andreasbcrg  ;  Striegau,  Silesia  ;  ou  Mt.  Skopi,  in  eastern  Switzerland  ;  Elba  ;  at  the  diver 
mines  of  Kongslwrg,  Norway  ;  Nordmark,  Sweden  ;  near  Miask  in  the  Ural  ;  in  Cornwall, 
of  a  dark  color,  at  the  Botallack  mine  near  St.  Just.  etc. 

In  the  U.  S.,  at  Phippsburg,  Maine  ;  Franklin  Furnace,  N.  J.,  honey -yellow  ;  at  Beth- 
lehem, Pa. 

Named  from  d^ivrf,  an  axe,  in  allusion  to  the  form  of  the  crystals. 


PREHNTTB. 

Orthorhombic-hemimorphic.     Axes  a  :  h  :  i  =  0*8401  :  1 :  0*5549. 

Distinct  individual  crystals  rare;  usually  tabular  ||  c;  sometimes  prismatic 
mm'"  =  80""  4';  again  acute  pyramidal.  Commonly  in  groups  of  tabular 
crystals,  united  by  c  making  broken  forms,  often  barrel-shaped.  Reniform, 
globular,  and  stalactitic  with  a  crystalline  surface.  Structure  imperfectly 
columnar  or  lamellar,  strongly  coherent;  also  compact  gianular  or  impalpable. 

Cleavage:  c  distinct.  Fracture  uneven.  Brittle.  H.  =  6-6*5.  G.  =  2'80- 
2 '95.  Luster  vitreous;  c  weak  pearly.  Color  light  green,  oil-green,  passing  into 
white  and  gray;  often  fading  on  exposure.  Subtransparent  to  translucent. 
Streak  uncolored. 

Comp. — An  acid  orthosilicate,  H,Ca,Al,(SiO  J,  =  Silica  43*7,  alumina  24*8, 
lime  37-1,  water  4*4  =  100. 

Prehniie  is  sometimes  classed  with  the  zeolites,  with  which  it  is  often  associated :  the 
water  here,  however,  has  been  shown  to  go  oft  only  at  a  red  heat,  and  hence  plays  a  differ- 
ent part. 

Pyr.,  etc. — In  the  closed  tube  yields  water.  B.B.  fuses  at  2  with  intumescence  to  a 
bicbby  enamel-like  glass.  Decomposed  slowly  by  hydrochloric  acid  without  gelatinizing; 
after  fnsion  dissolves  readily  with  gelatinization. 

Diff. — B  B.  fuses  readily,  unlike  beryl,  gieen  quartz,  and  chalcedony.  Its  hardness  is 
greater  than  that  of  the  zeolites. 

Obs. — Occurs  chiefly  in  basic  eruptive  rocks,  basalt,  diabase,  etc.,  as  a  secondary  mineral 
in  veins  and  cavities,  often  associated  with  some  of  the  zeolites,  abo  datolite,  pectolite, 
calcite,  but  commonly  one  of  the  first  formed  of  the  series;  also  less  often  in  granite,  gneisa, 
syenite,  and  then  frequently  associated  with  epidote;  sometimes  associated  with  native 
copper,  as  in  the  L.  Snperior  i-egion. 

At  St.  Christ ophe,  near  Bourg  d*Oisans  in  Dauphin^;  Fassa thai,  Tyrol;  the  Ala  vallev 
in  Piedmont :  in  tlie  Harz.  near  Andreasberg ;  in  granite  at  Striegau,  Silesia;  Arendui, 
Norwav;  JSdelfors  in  Sweden  {edelite)\  at  Corstorphinc  Hill,  near  Edinburgh;  Moume  Mts., 
Ireland. 

In  tho  United  States,  finely  ciTstallized  at  Farmington,  Conn.;  Pat erson  and  Bergen 
Hill.  N.  J.!  in  syenite,  at  Somervflle,  Mass.;  on  north  shore  of  Lake  Superior,  and  the 
copper  region. 

Named  (1790)  after  Col.  Prehn,  who  brought  the  mineral  from  the  Cape  of  Good  Hope. 

Harstigite.  An  add  orthosilicate  of  manganese  and  calchim.  In  small  colorless  pria- 
malic  crystals.  H.  =  55.  G.  =  8049.  From  the  Harstig  mine,  near  Pajsbeig.  Werm- 
land.  Sweden. 

Onspidine.  Contains  silica,  lime,  fluorine,  and  from  alteration  carbon  dioxide:  formula 
doubtful.  In  minute  spear-shaped  crystals  H.  =  5-6.  G.  =  2*858-2  860.  Color  pale 
rose-red.    From  Vesuvius,  in  ejected  masses  in  the  tufa  of  Monte  Somma. 


HT.  Subsilicates. 


The  species  here  included  are  basic  salts,  for  the  most  part  to  be  referred 
either  to  the  metasilicates  or  orthosilicates,  like  many  basic  compounds  alread? 
included  in  the  preceding  pages.  Until  their  constitution  is  definitely  settleo, 
however,  they  are  more  conveniently  grouped  by  themselves  as  Subsilicates. 
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It  may  be  noted  that  those  species  having  an  oxygen  ratio  of  silicon  to  bases 
of  2  :  3,  like  topaz,  andalusite^  sillimanite,  datolite,  etc.,  also  calamine^  car- 
pholite^  and  pernaps  tourmaline^  are  sometimes  regarded  as  salts  of  the  hypo- 
thetical parasilicic  acid^  H,SiO^. 

The  only  prominent  group  m  this  subdiyision  is  the  Humitb  Group. 

Humite  Group. 

ditid  /3 

Prolectite        [Mg(F,OH)],Mg[SiOJ,?    Monoclinic         1-0803':  1:1 -8861     90** 

Chondrodite    [Mg(F,OH)l,Mg,[SiOJ,    Monoclinic         10863: 1:3-1447    90^ 

h  :  d  :  6 
Humite  [Mg(F,OH)],Mg,[SiOJ,     Orthorhombic    1-0802:1:' 4-4033     - 

Clinohumite    [Mg(F,OH)],Mg,[SiOJ,    Monoclinic         1-0803: 1:5-6588    90^ 

The  species  here  included  form  a  remarkable  series  both  as  regards  crys- 
talline form  and  chemical  composition.  In  crystallization  they  have  sensibly 
the  same  ratio  for  the  lateral  axes,  while  the  vertical  axes  are  almost  exactly 
in  the  ratio  of  the  numbers  3:5:7:9  (see  also  belowj.  Furthermore,  though 
one  species  is  orthorhombic,  the  others  monoclinic,  tney  here  also  correspond 
closely,  since  the  axial  angle  /3  in  the  latter  cases  does  not  sensibly  differ 
from  90°. 

In  composition,  as  shown  by  Penfield  and  Howe  (also  Sjogren),  the  last 
three  species  are  basic  orthosilicates  in  each  of  which  the  univalent  group 
(MgF)  or  (MgOH)  enters,  while  the  Mg  atoms  present  are  in  the  ratio  of  3 : 5 : 7. 
The  composition  given  for  Prolectite  is  theoretical  only,  being  that  which 
would  be  expected  from  its  crystallization.  In  physical  characters  these 
species  are  very  similar,  and  several  of  them  may  occur  together  at  the  same 
locality  and  even  intercrystallized  in  parallel  lamellas. 

The  species  of  the  group  approxiinnte  closely  in  angle  to  chrysolite  and  chrysoberyl. 
The  axial  ratios  may  be  compared  as  follows: 

Proleclite d:    S:  J  i  =  1-0803:  1 :  0*6287 

Chondrodite d:    t:  J  <5  =  1-0863:  1.0-6289 

Humite 5:    & :  I  h  =  10802  :  1:0*6291 

Clinohumite d:    t :  j  c  =  10808 : 1 :  0-6288 

Chrysolite b:2d:     li=  10786 :  1 :  0*6296 

Chrysoberyl b:2d:     h  =  10687 : 1 :  06170 

OHONDRODITB— HUMITB— OUNOHUMITB. 

Axial  ratios  as  given  above.  Habit  varied,  Figs.  858  to  866.  Twins 
common,  the  twinning  planes  inclined  60°,  also  30°,  to  c  in  the  brachydome 
or  clinodome  zone,  hence  the  axes  crossing  at  angles  near  60°;  often  repeated 
as  trillings  and  as  polysynthetic  lamellae  (cf.  Fig.  556,  p.  226).  Also  twins, 
with  c  (001)  as  tw.  plane.    Two  of  the  three  species  are  often  twinned  together. 

Cleavage:  c  sometimes  distinct.  Fracture  subconchoidal  to  uneven. 
Brittle.  H.  =  6-6-5.  G.  =  3-l-3*2.  Luster  vitreous  to  resinous.  Color 
white,  light  yellow,  honey-yellow  to  chestnut-brown  and  garnet-  or  hyacinth- 
red.     Pleochroism  sometimes  distinct.     Optically  +• 

Chondrodite.  Absorption  a  >  c  >  b.  Optically  4-.  Ax.  pi.  and  Bx,  JL  6.  Bx©  A  ^  = 
a  A  <i  =  -I-  ^^S"  52'  Brewster;  28*  56'  Kafveltorp;  SO**  approx.,  Mte.  Somma.  /5  =  1*619; 
X  -  nr  =  0032.     2H.  ,  =  86'  to  89'. 

Humite.     Ax.  pi.  |  c.     Bx  i  a.    y  —  a-=  0085. 

Clinohumite.  Ax.  pi.  and  Bx.  X  6.  Bx©  A^  =  flA^  =  + 11°-12°;  Ti*  approx.,  Brew- 
ster.    2H..,  =  85°. 
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Pigs.  8SB,  869,  C/umdrodiU.  Brewgler,  H,  Y.  Clumdrodite,  Swetlun 

i(Oia),     «i(108),     e,  (101),   r,  (I27),   7',  (iaS).     r,  (125),     r.  (131),     n,  (111). 

8S1.  BCa.  863. 


HumiU.  VwuvliB  Clinohiimile.  Bre»Btcr.         CUnoJUimOf.  Mie.  Bnmnia. 

«,(0I1).     r,(21-10),     r.(31«).  (,(014|,  i,(012,.  e,(103),  »,(101),  r,(i3T),  r,(i3S), 

r.(3l2),    «,(113),    n,(Ul).  f,  (12B),     r,  (121). 

Comp. — Busic  fluosilicatee  of  magneBiuTn  with  related  formulaa  as  shown 
in  the  table  above.  Hyilroxyl  replocos  part  of  the  fluorine,  and  iron  ottan 
takes  the  place  of  niagnesiiim. 


iBlyseabf  Peiifleld: 

8iO, 
3367 

s?s 

FeO 
.1-84 

P 

580 

H.O 

3-55  =  103-30 

Mle.  Somma 

83-87 

58  46 

866 

6-15 

2  83  =  101  9S 

mmiu. 

86-63 

56'4.'i 

S'&l 

3-08 

3  «  =  HHIIW 

88-08 

34  00 

4-88 

306 

1-U=  lOO-M 
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Fyr.,  etc.— B.B.  infusible;  some  Tsrietie*  blacken  uid  then  buin  white.  Fused  wflb 
polussium  bisulphate  Id  the  closed  tube  gives  &  reaction  for  fluorioe.  Wlih  the  fluxes 
a  reaction  for  Iron.  Gelatinizes  with  acids.  Heated  with  sulphuric  acid  gives  off  stlicoD 
fluoride. 

Obi. — Chondrodlle,  humlle,  sud  clinohuiuite  all  occur  at  Vesuvius  In  the  ejected  mssses 
both  of  liniestoue  or  feldspathlc  type  fouud  on  Houie  Somma.  They  are  associated 
wilh  cbryauliu:,  biotilA,  pyroxene,  magnetite,  spinel,  vesuvianile,  calcite,  etc.:  al«o  less 
ofleti  wjtii  aauldloe,  melonlle,  UL-phellte.  Of  thu  three  speelea,  liumitc  is  the  mrest  niid 
cllnuhiunite  nf  most  frequent  occurrence.  They  seldom  oil  octur  together  in  the  same 
piiiss,  auii  ouly  rarely  two  of  tile  ipecles  (as  humile  and  dlnohumile)  appear  togiiher. 
Occaxiouully  clluobumite  Interpeuetrales  crystals  of  humite,  and  paiullc]  iuleigrowths  wiili 
chryaolitu  have  altio  been  observed. 

CAoridiodilt  occurs  at  Mtc.  Somma,  aa  above  noted:  at  Purgiis.  Finlend  huney-jellow 
iu  liuiestoue;  at  KaFveltorp.  Nya-Kopparberg,  Hwedee,  usEocialtd  with  clialcdpyrite, 
guleuu.  sphuleriie.     At  Brewster,  N.  Y.,  at  the  Tflly    Fetter  n.ugnetic  Iron  mine  In  deep 

famel-red  crystals.  Also  probably  at  numerous  puluts  where  the  occurrence  of  "ebon- 
rodite"  baa  beeu  reported. 

Humite  also  occurs  at  the  I^du  mine  near  Flllpstadt,  Bweden,  with  magnetite  iu  crys- 
Inlliue  liuieatone.  In  cryilallioe  limestone  witb  cliuohumite  in  Andalusia.  Also  in  large, 
coarse,  partly  altered  crystals  at  the  Tilly  Poster  Irou-miue  at  Biewtter.  N.  Y. 

CUnokumite  occurs  at  Hte.  Bomnia  and  In  Andalusia;  in  ctysialline  IlinestDDe  uMr 
L.  Buibul  iu  East  Siberia:  at  Brenster,  N.  Y.,  in  lure  but  highly  modified  crystals. 

FroUcitU  is  from  the  Eo  mine,  Nordmark.  BwEden;  very  rare;  imieifettly  kuo«u. 

Numerous  other  localities  of  "  chondrodlle"  have  been  noted,  el.ietty  in  ciyslalllne 
limestniie;  mot.t  of  them  are  probably  to  be  referred  to  the  tpeciis  cbondroijite.  but  the 
identity  In  mnuy  rases  is  yet  to  be  proved.  At  Biewsier  large  quaniliiee  of  niettive 
"  chondriHliie"  occur  nSGOcIated  with  magnetile,  iiiElntite.  ripldollte,  and  ftom  its  cxttuMie 
alteratiim  si-ipentiue  has  bien  formed  on  a  large rrale.  The  granular  miueial  Is  ((D-imco 
in  limesioiie  iu  Sussex  Co  ,  N.  J.,  and  Orange  Co.,  N.  Y.,  sEsotlated  with  spinel,  end  o<cn- 
BJonnlly  ntlli  pyroxeue  and  corundum.  AUo  in  Matt.,  at  Cbelnisford.  witb  fcapolile; 
at  S<>iilh  Lee.  iu  limestone.  In  Canada,  In  limestone  at  St.  Jerome,  Grenvllle,  ere, 
Hbundaut. 

The  UFime  cbondrodlCe  la  from  xoySpoi,  a  grain,  alluding  to  the  granular  structure. 
Humite  is  from  Sir  Abraham  Hume. 


ILVAim.    Llevrlte.     Yenllc. 
Orthorhombio.     Axes  &:l:6  =  0*6665 ;  1 : 0 4427. 
867  mm",  no  A  llO  =67'' 23".  rK,    101  A  101  =  67' 11'. 

«■,       130  A  130  =  73°  40'.  oo\    IU  A  iU  =  82°  Bff. 

Commonly  in  prisms,  with  prismatic  faces  vertically  striated. 
Coltimtiar  or  compact  massive. 

Cleavaf^T  b,  c  rather  distinct.  Fracture  uneven.  Brittle. 
H.  =  5  5-6.  G.  =  3'9!>-4-05.  Luster  submetallic.  Color  iron- 
black  or  (lark  grayish  black.  Streak  black,  inclining  to  green  or 
brown.     Opaque. 

Corap.— CaFe.(FeOH)(SiO.),    or    H,O.Ca0.4FeO.Pe,0..4SiO, 
=  Silica  29'3,  iron   sesquioxide  19'6,  iron   protoxide  35-2,  lime 
13'7,   water  2-2  =  100.     Manganese    may    replace    part    of    the 
ferrous  iron. 

Pyr.,  ate.— B  B.  fii.ieB  quietly  nt  2S  lo  a  black  magnetic  bead.  With  the  fluxes  reacts 
for  troti.  Some  varieties  give  also  a  reaction  for  manganese.  Qelallnizea  with  hydro- 
chloitc  acid. 

Obs  —Found  ou  Elba  In  dolomite:  on  Mt.  Mulatto  near  Predazzn.  Tyrol,  In  granite; 
Bi-hneeb(-rg,  Sn:(oiiv:  Fossum.  iu  Norway.  Reported  as  formerly  fouud  at  Cumberland, 
R.  1  :  nlpo  nt  Milk  Bow  quarry,  Somervllle.  Mass.  Named  lltaitt  from  the  Lntln  name  of 
the  ishiMd  (Elhu). 

Ardennite.  Dewalqidte.  A  vanadln-silicate  of  aluminium  nnrt  manganese;  also  cod- 
laiuintjftrseiiic.  In  prismatic  crystals  resembling  ilvaile,  U.  =  B-7.  G.  =  8  680.  Yellow 
(o  yellowish  browu.    Found  at  Sal m  ChAieau  iu  the  Aidenues,  Belgium. 


f^ 
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liangbanite.  MaDgaDese  silicate  with  ferrous  autimouate;  formula  doubtful.  In  iron- 
black  hexagonal  prismatic  crystals.  H.  =  6*5.  G.  =  4*918.  Luster  metallic.  From 
L&Dgban.  Sweden. 

The  following  are  rare  lead  silicates.    See  also  p.  408. 

Kentrolite.  Pnibably  8Pb0.2MD»Ot.SSiOt.  In  minute  prismatic  crystals ;  often  in 
sbeaf-like  forms;  also  massive.  H.  =  5.  G.  =  619.  Color  dark  reddish  brown;  black 
on  the  surface.     From  southern  Chili;  L&ngban,  Sweden. 

Melanotekite.  3Pb0.2Fe,0,.88iO,  or  (Fe40.)Pb.(Si04)s  Warren.  Orthorhombic:  pris- 
matic. Massive;  cleavable.  H.  =  6*5.  G.  =  5*78.  Luster  metallic  to  greasy.  Color  black 
to  blackish  gray.  Occurs  with  native  lead  at  L&ngban,  Sweden.  Also  in  crystals  resembling 
kentrolite  at  Uillsboro,  New  Mexico. 

Bertrandite.  H3Be4S!30»  or  H80.4Be0.28iO«.  Orthorhombic-hemimorphic.  In  small 
tabular  or  prismatic  crystals.  H.  •=  6-7.  G.  =  2'59-2*60.  Colorless  to  pale  yellow. 
Usually  occurs  in  feldspathic  veins,  often  with  other  beryllium  minerals  as  a  result  of  the 
alteration  of  l>eryl.  At  the  quarries  of  Barbln  near  Nantes,  France;  Pisek,  Bohemia;  Mu 
Antero,  Cbaftee  Co.,  Colo  ,  with  pbeuacite;  Stoueham,  Me.;  Amelia  Court- House,  Ya. 

OAIiAMINIS.     Smithsonite.     Hemimorpbite.    Kieselzinkerz,  Galmd  pt.  Oenn. 
Orthorhombic-hemimorphic.    Axes  d  :h  :  d  =  07834  :  1  :  0*4778. 

868.  869.  870. 

mm'" 


*'"  110  A  110=   76"    y. 

101  A  iOl  =    62**  46'. 

801  A  801  =  122"  41'. 

oil  A  Oil  =    51'    5'. 

081  a0^1  =  110M2'. 

121  A  121  =  78''  26'. 
Crystals  often  tabular 
I  b  ;  also  prismatic  ;  faces  b 
vertically  striated.  Usually 
implanted  and  showing  one 
extremity  only.  Often  grouped  in  sbeaf-like  forms  and  forming  drasy  sur- 
faces in  cavities.  Also  stalactitic^  mammillary,  botryoidal^  and  fibrous  forms; 
massive  and  granular. 

Cleavage:  m  perfect;  s  (101)  less  so;  c  in  traces.  Fracture  uneven  to  sub- 
conchoidaL  Brittle.  H.  =  4*5-5,  the  latter  when  crystallized.  G.  =  3'40-3*50. 
Luster  vitreous;  c  subpearlj,  sometimes  adamantine.  Color  white;  sometimes 
with  a  delicate  bluish  or  greenish  shade;  also  yellowish  to  brown.  Streak 
white.     Transparent  to  translucent.     Strongly  pyroelectric, 

Comp.— H,ZnSiO,  or  (ZnOH)  SiO,  or  H,0.2ZnO.SiO,  =  Silica  25-0,  zinc 
oxide  67*5,  water  7*5  =  100.  The  water  goes  off  only  at  a  red  heat;  un- 
changed at  340°  C. 

Fyr.,  etc. — In  the  closed  luhe  decrepitates,  whitens,  and  gives  off  water.  B.B.  almost 
infusible  (F.  =  6).  On  charcoal  with  soda  gives  a  coating  which  is  yellow  while  hot,  and 
white  on  cooling.  Moistened  with  cobalt  solution,  and  heated  in  O.F.,  this  coating 
assumes  a  bright  green  color,  but  the  ignited  mineral  itself  becomes  blue.  Ghilatiuizes 
with  acids  even  wlien  previously  ignited. 

Di£f.— Characterized  by  its  infusibility;  reaction  for  zinc;  gelatinization  with  acids.  Re- 
sembles some  smithsonite  (which  effervesces  with  acid),  also  prehnite. 

Obs. — Calamine  and  smithsonite  are  usually  found  associated  in  veins  or  beds  In 
stratified  calcareous  rocks  accompanying  sulphides  of  zinc,  iron  and  lead.  Thus  at  Aix-la- 
Chapelle:  Raibel  and  Bleiberg.  in  Carinfhia;  Moresnet  in  Belgium;  Rezb&nya,  Sdiemnits. 
At  Koughten  Gill,  in  Cumberland:  at  Alston  Moor,  white;  near  Matlock,  in  Derbyshire; 
Leadhills.  Scotland:  at  Nerchinsk,  in  eastern  Siberia. 

In  the  United  States  occurs  at  Sterling  Hill,  near  Ogdensburg.  N.  J.,  in  fine  clear 
crystalline  masses.    In  Pennsylvania,  at  the  Perkiomen  and  Pheuizville  lead  mines;  at 


BILICATSa  447 

Friedenavtlle.  Abundant  in  Tlrginla,  at  Austin's  minea  In  Wythe  Co.  Wllh  ibe  lino 
deposits  of  BoutliweBiern  Hlsaouri,  especlaJly  alwui  Qranbv,  both  na  cryBtulllzed  and 
iiia.<i«ive  csliimlne.     At  tbe  Emma  mluti,  Cottonwood  Ciifiou,  Uiab. 

The  name  Calamine  (witli  Oitlmei  oF  ilie  Qermanti  Is  uomiuotily  suppcoed  lo  be  &  cot- 
rupliuii  of  C'admi<i.  Agrlcola  says  it  is  from  eaiatniit,  a  ned,  iu  altuuiju  to  the  BleoUer 
forms  (etnliiclilicj  commun  in  Ibe  eadmia  fomacum. 

OUDOhadzita.  HiCuZoSiO..  Monoclinic  clinobvdral  (aee  Flga.  8S1.  SSU,  p.  104). 
H.  =  5  5.  G.  =  S'SS.  Colorleia  or  wbiie  to  ametbyatlne.  Prom  Pranklio  Furnace 
N.J, 

OarpboUU.  H«HDA],Si>0,..  In  mdlated  and  stellated  tufts.  O.  =  2085.  Color 
slmw-  lo  wai-yellow.  Occurs  at  the  tin  mines  of  Scblackenwald;  Wippra.  in  the  Hnra,  on 
quartz,  etc. 

Lawionlte.  H«CaAliSiiOia.  Id  prismatic  orthorbomblc  crystals  ;  mm'"  =  C7*  llf. 
G.  =  3-09.  Luster  vitreous  to  greasy.  Colorleas,  pale  blue  to  ffrayish  blue.  Occurs  in 
crystdlKiie  scliUts  of  the  Tlbuni  peulnsuia,  Hariu  Co.,  Califonib:  also  lu  Ibe  schfsia  of 
Poutglliuud  and  New  Caledonia. 

Oerlta.  A  silicate  of  Ibe  cerium  metnis  cbleflv,  with  water.  Crystals  rare;  commonly 
massive;  enuiulnr.  H,  =  SB.  Q.  =  4-86.  Color  between  clove-brown  and  cherry-red 
lo  grey.    Occurs  at  BasinBs,  near  Blddnrb>itao,  Sweden. 


TOUBMAIJWB.    Turmaltn  Otrm. 

Bhombohedritl-hemitnorphic  Axis  i  =  0-4477. 
er.  0001  A  1011  =  37*  2ff.  rr'.  lOll  a  ilOI  =  4«*  tOf. 
CO,  0001  A  OaSl  =  45°  or.  «/.  0221  a  5021  =  TT  0*. 
S71.  873. 


Crystala  usually  prismatic  in  habit,  often  slender  to 
acicular ;  rarely  flattened,  the  prism  nearly  wanting!;. 
Prismatic  faces  strongly  striated  verticully,  and  the 
crystals  hence  often  much  rounded  to  barrel -shaped. 
The  cross-section  of  the  prism  three-sided  (in,  Fig.  877), 
six-sided  (a),  or  nin&«iiled  (m  and  n).  CrysUiIs  com- 
monly hemimorphic.  Sometimes  isolated,  but  more 
commonly  in  parallel  or  radiating  groups.  Sometimes 
massive  compact ;  also  columnar,  coarse  or  fine,  parallel 
or  divergent. 
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Cleavage:  a^  r  difficult.  Fracture  snbconchoidal  to  uneven.  Brittle  and 
often  rather  friable.  H.  =  7-75.  G.  =  2'98-3'20.  Luster  vitreous  to  resin- 
ous. Color  black,  brownish  black,  bluish  black,  most  common ;  blue,  green, 
red,  and  sometimes  of  rich  shades;  rarely  white  or  colorless;  some  specimens 
red  internally  and  green  externally  ;  and  others  red  at  one  extremity,  and 
green,  blue  or  black  at  the  other.  Streak  uncolored.  Transparent  to 
opaque. 

otrongly  dichroic,  especially  in  deep-colored  varieties;  axial  colors  varying 
widely.  Absorption  for  oj  (vibrations  _L  t)  much  stronger  than  for  e  (vibra- 
tions I  d)\  thus  sections  ||  c  transmit  sensibly  the  extraordinary  ray  only,  and 
hence  their  use  (e.g.,  in  the  tourmaline  tongs  (p.  181))  forgiving  polarized 
light.  Exhibits  idiophanous  figures  (p.  219).  Optically  — .  Birefringence 
rather  high,  a?  —  e  =  0*02.  Indices:  c/y  =  1-6366,  ey  =  1-6193  colorless  var. ; 
(Wp  =  1*6435,  €r  =  l*622*-3  bl.  green.  Sometimes  abnormally  biaxial.  Becomes 
electric  by  friction ;  also  strongly  pyroelectric. 

Var. — Ordinary.  In  crystals  as  above  described;  black  much  tlie  most  common, 
(a)  Rvhellite;  the  red,  sometimes  transparent;  tlie  Siberian  is  mostly  violet-red  {sibenU), 
the  Brazilian  rose-red;  that  of  Chesterfield  nud  Goshen,  Mass.,  pale  rose-rod  and  opaque; 
that  of  Paris,  Me.,  fine  ruby- red  and  transparent,  (b)  Indicolite,  or  indigoliU;  the  blue 
either  pale  or  bluish  black;  named  from  the  indigo-blue  color  (c)  Brazilian  Sapphire  (in 
jewelry);  Berlin-blue  and  transparent,  (rf)  Brazilian  Emerald.  Chrysolite  (or  Peridot)  of 
Brazil;  green  and  transpaient.  («)  Peridot  of  Ceylon;  honey -yellow.  (/)  AchroiU;  color- 
less tourmaline,  from  Elba,  {g)  Aphrizite;  l)lack  tourmaline,  from  KrngerO,  Norway. 
(h)  Columnar  and  black;  coarse  columnar  Kesembles  somewhat  common  hornblende, 
but  has  a  more  resinous  fracture,  and  is  without  <iistinct  cleavage  or  anything  like  a  fibrous 
appearance  in  the  texture;  it  often  has  the  appearance  on  a  broken  surface  of  some  kinds  of 
soft  coal. 

Comp. — A  complex  silicate  of  boron  and  alnrainium,  with  also  either  mag- 
nesium, iron  or  the  alkali  metals  prominent.     The  oxygen  ratio  of  Si  :  R  is 

I  II 

in  general  2  :  3  and  the  formula  may  hence  be  written:  K.SiO^  =  R.SiO^  = 

ni  I  II  III 

R,SiO,.     Hero  R  =  Na,Li,K;  R  =  Mg,Fe,Ca;  R  =  Al,B,Cr,Fe. 

The  vnrielics  bused  upon  composiiioii  fall  into  three  prominent  groups,  between  which 
there  are  many  gradations  : 

1.  Alkali  TouR.M ALINE.  Contains  sodium  or  lithium,  or  both;  also  potassium.  G.  = 
8*0-3-l.     Color  red  to  green;  also  colorless. 

2.  Iron  Tourmaline.    G.  =  3-1 -3-2.     Color  usually  deep  black. 

8  Magnesium  Tourmaline.  G.  =  3*0-3-09.  Usually  yellow.bn)wn  to  brownish 
black;  also  colorless  (anal.  54). 

A  chromium  tourmaline  alFO  occurs.     G.  =  8"120.     Color  dark  green. 
The  following  are  typical  analyses  (Riggs)  of  the  three  varieties  : 

1.  Rnmford,  Me.,  rose: 

SIO,      TIC,       P,0,     AI.O,       F*»0      MnO     CnO      MjrO    Na,0     K,0      LI.O     n,0         F 
3807     —       9-99    42-24     026    035    0  56    007    2l8    044    1-59    4  26    0  28  =  100-29 

2.  Auburn,  black: 

34.99     _       9fi3    3396    14*23    006    015    101     201     034      tr,      8*62      —   =  lOO'OO 

3.  Gouverneur,  brown : 

37-89    119    10-73    27-89'»    0-64      —     278  14  09    172    016      tr,      3  88     <r7  =  100-48 

a  Including  0*10  Fe^Os. 

Pyr.,  etc.— The  mafiruesia  varieties  fuse  rather  easily  to  a  white  bl  ebb  v  glass  or  slag; 
the  iron-maffnesia  vnr.  fuse  with  a  strong  heat  to  a  blebby  slag  or  enamel;  the  iron  var. 
fuse  with  difficulty,  or,  in  some,  only  on  the  edges;  the  iron-magnesia-lithia  var.  fuse  on 
the  e(lp<*s,  and  often  with  great  difficulty,  and  some  are  infusible;  the  lithia  var.  are  infuM- 
ble.     With  the  fluxes  many  varieties  give  reactions  for  iron  and  manganese.     Fused  with 


SILICATES.  '^  449 

a  mixture  of  potassium  bisulpbate  and  fluor-spar  gives  a  distinct  reaction  for  boric  acid. 
Not  decomposed  by  ticids. 

Dl£f. — Cbaracterized  by  its  crystallization,  prismatic  forms  usual,  wbicb  are  three-,  six-, 
or  nine-sided,  and  often  with  rhombohedral  terminations ;  massive  forms  with  columnar 
structure;  also  by  absence  of  cleavage  (unlike  amphibole  and  epidote);  in  the  common 
blucls  Itiuds  by  the  coal-lilte  fracture;  by  hardness;  by  difficult  fusibility  (common  kinds), 
comp:ircd  with  garnet  and  vesuviauite.     The  boron  test  is  conclusive. 

Readily  distinguished  in  thin  sections  by  its  somewhat  high  relief;  rather  strong  inter- 
ference colors;  negative  uniaxial  character;  decided  colors  in  ordinary  light  in  which  basal 
seciioas  often  exhibit  a  zonal  structure.  Also,  especially,  by  its  remarkable  absorption 
when  the  direction  of  crystal  elongation  is  ±  to  the  vibration-plane  of  the  lower  nicol;  this 
with  its  lack  of  cleavage  distin^u&hes  it  from  biotite  and  amphibole,  which  alone  among 
rock-making  minerals  show  sinnlar  strong  absorption. 

Obs. —Commonly  found  in  granite  and  gneisses  as  a  result  of  fumarole  action  or 
of  mineralizing  gases  in  the  fluid  magma,  especially  in  the  pegmatite  veins  associated 
with  such  rocks;  at  the  periphery  of  such  masses  or  in  the  schists,  or  altered  limestones, 
gneisses,  etc.,  immediately  adjoining  them.  It  marks  especially  the  boundaries  of  granitic 
masses,  and  its  associate  minerals  as  those  characteristic  of  such  occurrences:  quartz,  albite, 
micDcliue,  muscovite,  etc.  The  variety  in  granular  limestone  or  dolomite  is  commonly 
brown;  the  bluish-black  var.  sometimes  associated  with  tin  ores;  the  brown  with  titanium; 
the  littiium  variety  is  often  associated  with  lepidolite.  Red  or  green  varieties,  or  both,  occur 
near  Ekilerlnburg  in  the  Ural;  Elba;  Campolon^o  in  Tessin,  Switzerland;  Penig, 
Sixony;  als>  the  province  Midas  Geraes,  Brazil;  vellow  and  brown  from  Ceylon;  dark 
bro^u  vadeties  from  Eibenstock,  Saxony;  the  Zillerthal ;  black  from  Arendal,  Norway; 
Saarum;  Krager5;  pale  yellowish  brown  at  Windisch  Kappel  in  Carinlhia;  fine  black 
crystaU  oecar  in  Cornwall  at  different  localities. 

In  the  U.  St*ites,  in  Maine  at  Paris  and  Hebron,  magnificent  red  and  ^een  tourmalines 
with  lepiloUte,  etc.;  also  blue  and  pink  varieties;  and  at  Norway;  pink  at  Rumford, 
embedded  in  lepidolite;  at  Auburn  in  clear  crystals  of  a  delicate  pink  or  lilac  with  lepido- 
lite etc.;  at  Albany,  green  and  black.  In  Ma$8.,  at  Chesterfield,  red,  green,  and  blue;  at 
G  >4liuu.  blue  and  green;  at  Norwich,  New  Braintree.  and  Carli»le,  good  black  crystals.  In 
N.  H^mp.,  Grafton,  Acworth;  at  Orford,  brownish  black  in  steatite.  In  Conn.,  at  Monroe, 
dark  bn^va  in  mici -slate  ;  at  Haddam.  black  in  mica  slute;  also  fine  pink  and  green;  at 
New  Milford,  black.  In  N.  York,  near  Gouverneur,  brown  crystals,  with  tremoTite,  etc., 
in  granular  limestone;  black  near  Port  Henry,  Essex  Co.;  near  Eden ville;  splendid  blMik. 
crystals  at  Pierr'pont,  St.  Lawrence  Co.;  colorless  and  elassy  at  De  Ealb;  dark  brown  at 
McCotnb.  In  N.  Jersey,  at  Hamburg  and  Newton,  black  nnd  brown  crystals  in  limestone, 
with  spinel;  also  gross- green  crystals  in  crystalline  limestone  near  Franklin  Furnace.  In 
Penfi,,  ut  Newlin,  Chester  Co.;  near  Unionville,  yellow;  al  Chester,  fine  black;  Middle- 
town,  black;  Marple.  green  in  talc;  near  New  Hope  on  the  Delaware,  large  black  crystals. 
A  chrone  vir.  from  the  chromite  beds  in  Montgomery  Co.,  Maryland,  In  N.  Car.,  Alex- 
ander C)..  in  fine  black  crystals  with  emerald  and  hiddenite.  In  California,  fine  groups 
of  rub3llite  in  lepidolite  in  Sm  Diego  Co. 

In  Oitnid'i,  in  the  province  of  Quebec,  yellow  crystals  in  limestone  at  Calumet  Falls^ 
Litchfield.  Pontiac  Co.;  at  Hunterstown;  nne  brown  crystals  ut  Clarendon,  Pontiac  Co.; 
black  at  Gren ville  and  Argenteuil,  Arcenteuil  Co.  In  Ontano;  in  fine  crystals  at  N.  Bur- 
gess. L'liiark  Co. ;  Galway  and  Stoncy  L.  in  Dummer,  Peterborough  Co. 

Ttie  name  turmalin  from  TuramcUi  in  Cingalese  (applied  to  zircon  by  jewelers  of 
Ceylon)  was  introduced  into  Holland  in  1703,  with  a  lot  of  gems  from  Ceylon. 

Damortierite.     A  basic  aluminium  silicate,  perhaps  4AUOi.8Si03. 

Orthorhombic.  Prismatic  angle  approximately  60**.  Usually  in  fibrous  to  columnar 
'  aggregiites.  Cleavage:  a  distinct;  also  prismatic,  imperfect.  H.  =  7.  G.  =  8*26-d'86. 
Luster  vitreous.  Color  bright  smalt-blue  to  greenish  blue.  Transparent  to  translucent. 
PieochroiTim  very  strong:  c  colorless,  b  reddish  violet,  a  deep  ultramarine-blue.  Exhibits 
i(lioplianou<t  figures,  analogous  to  andalusite.  Optically  — .  Ax.  pi.  \  b.  Bx  X  c, 
^  — a=0  010. 

Recognized  in  thin  section  by  its  rather  high  relief;  low  interference-colors  (like  those 
of  quartz);  occurrence  in  slender  prisms,  needles  or  fibers,  with  negative  optical  extension; 
panillel  extinction;  biaxial  character  and  especially  by  its  remarkable  pleochroism. 

Found  eml)edded  in  feldsiiar  in  blocks  of  gneiss  at  Chuponost,  near  Lyons,  France; 
from  Wolfshau.  near  Schmiedeberg,  Silesia;  in  the  iolite  of  the  gneiss  of  Tvedestrand, 
Norway.  In  the  U.  S.,  it  occurs  near  Harlem.  New  York  Island.  In  the  pegmatoid  por- 
tion of  a  biotite  gneiss;  in  a  quartzose  rock  at  Clip,  Yuma  Co.,  Arizona. 
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8TAUR0IJTB.    StauroUcle. 
Orthorhombic.     Axes  <i  :  h  :  i  =  04734  :  1  :  06828. 

mm"',  110  A  liO  =    50'  40-.  cr,   001  A  101  =  55'  Iff. 

rr".       101  A  iOl  =  110°  3i'.  mr.  110  A  101  =  43°    2'. 

Twins  cruciform:    tw.  pi.  x  (032),  the  crystals  crossing  nearly  at  ri^t 
aiiRles;  tw.  pi.  z   (233),  crossing  at  an  angle  of  60°  approximately;  tw.   pi. 
S  (93U)  rare,  also  in  reiieated  twins  (cf.  Figs.  ^59,  p.  122, 409,  p.  128, 411,  p.  129). 
Crystals  commonly  prismatic  and  flattened  I  ^-  ""■""  ™"''  >■"""■'>  niirr«rt«a 
878.  87fl. 


;  often  ^ 


rough  Burfacea. 


e:  ftdistinct, but  interrupted; 
881.  ' 


traces.  Fracture  siibconchoidal. 
Brittle.  "H.  =  7-7-5.  G.  =  3-65-3-7T.  S.ib vitreous, 
inclining  to  resinous.  Color  dark  reddish  browu 
to  brownish  black,  and  yellowish  browu.  Streak 
uiicolored  to  grayish.  Transliicont  to  nearly  or 
quite  opaque.  Pleochroism  distinct:  C  (=i)  nya- 
cintb-red  to  blood-red,  a,  b  yellowish  red;  or  c  gold- 
yellow,  Q,  b  light  yellow  to  colorless.  Optically  +. 
Ax.  pi.  II  a.  Bx  J.  c.  2H„  =  113°  10'.  fi  =  1-75, 
y  -  a  =  0012. 

Comp.— HFeA!.Si,0„,  which  may  be  written 
(A10).(A10H)Fe(SiO.),  or  H,0.2Fo0.5Al,0,.4SiO, 
=  Silica  26'3,  alumina  5.'i'9,  iron  protoxide  15*6, 
water  3-0  =  100  Peufield.  Magnesium  {also  man- 
ganese) replaces  a  little  of  the  ferrous  iron;  ferric 
iron  part  of  the  aluminium. 

C  .  Nordmnrkile  from  Nordmnrk,  SwedcD,  coDlalua  maoga- 

Dese  io  large  ainoiiuiB. 
Pyr.,  «t«, — B.B.  iufiistblc,  exc^eptlng  the  maugaiiesian  vnriety,  which  fuses  eaillf  to  a 
black  maeneUc  elas^.    Wltli  ilie  duxes  giTeci  reacrions  It/r  in>u,  nod  sometimes  for  man- 
ganese.    Iinpcr^clly  ilccomposed  by  aulpliurir  acid. 

DIS,— CliaracteilEei)  by  ilie  obruse  prism  (unlike  atidaliisitc.  vbich  is  a eitrlj' square):  by 
the  frcqiicnry  of  twinning  forms:  by  liardnesK  noil  tnfuBiblllty. 

Under  llie  microscope,  sectiniis  sliow  a  decided  color  (yellow  to  red  orbniwujand  sirrrng 

EleocUroism  (yellow  tiiid  reii);  niso  clinracier<£ed  riy  strong  refraclion  (liltth  relief),  mllier 
right  interference-colors.  pHrallel  extinction  and  bliixlul  clinrncter  (gcnemlly  positive 
^  "    "■■       '•    - T45)  by  its  bifi:  '  '    ■ 


»^, 

m 

\ 

/ 

m 

/ 

/ 

Eiislly  d1s;iiiiriiished  from  rulile  (p.  345)  b; 


birLxIul  char- 


Ob*. — TJiiinlly  round  tn  crysialllne «c1iUih.  n»  mien  schlsl.  argillncpoiiR schist,  and  ^eixa. 
«■  a  result  of  reglnnnl  or  contnirt  meliimorpliisiu;  ofieii  iissnciated  wilh  garoeC.  sillimanite, 
cyauite,  and  tourmaline.  Someli'nrs  enrlo«>«  symmetricnlly  Rrmngcd  carbonaceous  Im- 
purities like  BudHlislte  (p  488).  Other  [m|iuri!le;  are  al!>o  often  present,  e<pecln11y  silica, 
sometimes  up  to  30  in  40  p.  c:  nlsn  gnrnet,  mica,  and  perhaps  tnngnetite,  broiiklte. 

Occurs  with  cyanite  in  pamftoniie  schist,  at  Mt.  Cnmpiime.  Switzerland;  In  the  Zlllerlhal, 
Tyrol;  Goldensteln  in  MoraTin:  Ascliaffenhnrg.  BiivnHni  in  Inrge  twin  crystals  in  the  mica 
MqUU  of  Brittany  and  Scotland.     In  the  province  of  Hlniu  Qemes,  Bniill. 
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AbuudaDt  throughout  the  mica  schists  of  New  Eiiglaud.  In  Maine,  at  Windham.  In 
N.  Hamp.,  brown  at  Francouia;  ut  Lisbon;  on  the  shores  of  Mink  Poud,  Idose  in  the  soil. 
In  Mass.y  at  Chestertield,  in  fine  crystals.   In  Conn.,  at  Bolton,  Vernon,  etc. ;  South  bury  with 

fnrnets;  at  Litchfield,  black  crystals.     In  N.  Carolina,  near  Franklin,  Macon  Ck).;  also  in 
ladison  and  Clay  counties.     In  Georgia,  in  Fannin  Co  ,  loose  in  the  soil  in  fine  crystals. 
Named  from  aravpdi,  a  erot$. 

Komerupine.  MgAltSiO*.  In  fibrous  to  columnar  aggregates,  resembling  silH- 
manite.   H.  =  6*5.   G.  =  3-273kornerupine;  3*341  prismaline.   Colorlesstowhite,  or  brown, 

Komerupine  occurs  at  Fiskernfts  on  the  west  coast  of  Greenland.  l*ri»matine  is  from 
Waldheim,  Saxony. 

Sapphirine.  MgftAliaSitOa?.  In  indistinct  tabular  crystals.  Usually  in  dissem- 
inated grains,  or  aggregations  of  grains.  H.  =  7*5.  G.  =  8 '42-8  48.  Color  pale  blue  or 
green.    From  Fiskernfts,  southwestern  Greenland. 


sHjIOates. 

Section  B.     Chiefly  Hydrous  Species. 

The  Silicates  of  this  second  section  include  the  true  hydrous  compounds, 
that  is,  those  which  contain  water  of  crystallization,  like  the  zeolites;  also  the 
hydrous  amorphous  species,  as  the  clays,  etc.  There  are  also  included  certain 
species — as  the  Micas,  Talc,  Kaolinite — which,  while  they  yield  water  upon 
ignition,  are  without  doubt  to  be  taken  as  acid  or  basic  metasilicates,  orthosili- 
cates,  etc.  Their  relation,  however,  is  so  close  to  other  true  hydrous  species 
that  it  appears  more  natural  to  include  them  here  than  to  have  placed  them 
in  the  preceding  chapter  with  other  acid  and  basic  salts.  Finally,  some 
species  are  referred  here  about  whose  chemical  constitution  and  the  part 
played  by  the  water  present  there  is  still  much  doubt.  The  divisions  recog- 
nized are  as  follows: 

I.  Zeolite  Division. 

1.  Introductory  Subdivision.    2.  Zeolites. 

II.  Mica  Division. 

1.  Mica  Group.    2.  Cliiitouite  Group.    3.  Chlorite  Group. 

III.  Serpentine  and  Talc  Division. 

Chiefly  Silicates  of  Magnesium. 

IV.  Kaolin  Division. 

Chiefly  Silicates  of  Aluminium;  for  the  most  part  belonging  to  the  group 
of  the  clays. 

V.  Concluding  Division. 

Species  not  included  in  the  preceding  divisions;  chiefly  silicates  of  the 
heavy  metals,  iron,  manganese,  etc. 


I.  Zeolite  Division. 
1.  Introductory  Subdivision. 

Of  the  species  here  inchnled.  several,  as  Apophyllile,  Okenite,  etc..  while  DOt  strictly 
Zeolites,  are  rlosrly  relnted  to  th^m  In  composition  and  method  of  occurrence.  PectoUte 
(p  895)  and  Prehnite  (p  442)  are  also  sometimes  classed  here. 
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luMlU.  34HD.Ca)StO,  +  II.O.  Crjiials  siunll,  prirtiiUic:  also  Qbroiu.  radlateil  ud 
tpberulitic.  II.  =  11.  U.  =  UlKtll.  Color  rose-  1o  UnlirtKl.  Occtin  M  the  niaugatieae 
■nlue*  ntsr  Dilleuburg.  Gernuuiy.  JHo<iolUiU  li  tlie  same  apeclea  from  the  Hantig  mine, 
Pajuberg,  Swedeu. 

OaiiopbjrlUta.  SH,O.TMD0.AI,O,.8SiOi.  Id  abort  priimatlc  cryatala;  also  foliated, 
micactuua.  Colorbtonn.  H.  =  4-^5.  Q.  =  %m.  Frum  the  Baratig mine,  uoar Ri)*- 
berg,  Sweiteii. 

Okenlta.  H.C'aSi.O,  +  H,0.  Commonly  flbrons :  sl«o  compact.  H.  =  4-5-S. 
a.  =2  38-3-36.  Cnlor  wlilie.  with  a  slmtle  of  yellow  or  bine.  Occurs  la  basalt  or  ralaled 
eruptive  rocks;  ns  iu  Ibe  ParOcr;  IccUiid:  Disko.  Grteulaod:  Pooua,  ludla,  etc. 

arroUta.  HiCr^SiiO.  +  H,0.  In  wbiie  coDcretiotit.  iMmeilar-raillale  Id  atnictuTC. 
From  Die  Isle  of  Skru,  ntib  stilbile.  iHumoDlite,  etc.;  In  lodls.  etc  With  apophylllle  of 
Kew  Alinaileii,  Culiforuia;  ulo  N.  Scoliu. 


APOFHTIJJTEI. 

Tetragonal.     Axis  i  =  l'2ul5, 
ay,  100  A  810  =  18*  Sff. 
(jj.  001  A  111  =  60'  82", 
882. 


^^^ 


Habit  varied;  in  grgnarc  prisms  (it)  usuullv  short  and  terminated  byror  by 
cp,  and  then  resembling  u  cube  or  cubo-octuiiedron;  also  acute  pyniniidal  (p) 
with  or  without  c  and  «;  less  often  thin  tabular  Q  c.  Faces  c  often  rough;  a 
bright  but  vortically  striated  ;  p  more  or  less  nneven.  Also  masaive  and 
lamellar;  rarely  concentric  radiated. 

Cleavage:  chighlyperfect;  m  lesBso.  Fracture  uneven.  Brittle.  H.  =  4-5-5. 
G.  =  2-3-2-4,  Luster  of  c  pearly;  of  other  faces  vitreous.  Color  white,  or 
grayish;  occasionally  with  a  greenish,  yellowish,  or  rose-red  tint,  flesh-red. 
Transparent;  rarely  nearly  opaque.  Birefringence  low;  usually -f-,  also  — - 
Often  shows  anomalous  optical  characters  (Art.  411,  Fig.  565).  Indices: 
w,  =  1-5309  U,     €^  =  1-5332. 

Comp.— II,KCa,{SiO.).  +  4|H,0  or  K,0.8Ca0.16SiO,.]r.H,0  =  Silica53-7, 
lime  25-0,  potash  5'2,  water  16-1  =  100.  A  small  amount  of  fluorine  replaces 
part  of  the  oxygen. 

The  aliore  rnnnula  dtlteni  but  little  from  H.CnSi.O.  +  II,0,  in  wbirh  poiaaafum 
replugs  pnrl  of  tlie  hnMc  liyiiropen.  The  form  ofreii  ncccpted.  H,(Ca.K)BliOi  +  HtO. 
oirrespoQila  less  well  witli  the  analysex. 

Pyr..  etc,— In  the  closed  IiiIhi  exfollalen.  wliiteus.  niid  jieldB  wnier.  which  reacts  acid. 
Id  the  open  tube,  wbcu  fiisi'd  with  salt  nf  pliospliorus,  gives  a  lluuiiue  reaclion.    B.ft, 


SILICATES.  45$ 

exfoliates,  colors  the  flame  violet  (potash),  and  fuses  to  a  w)iite  yedcular  enamel.     F.  =  1  -5. 
Decoiuposed  by  hydrochloric  acid,  with  separaiiou  of  slimy  silica. 

Di£t — Characterized  by  its  tetragoual  form,  the  square  prism  and  pyramid  the  commoa 
habits:  by  the  perfect  basal  cleavage  and  pearly  luster  on  this  surface. 

Obs. — Occurs  commonly  as  a  secondary  mineral  in  basalt  ]iud  related  rocks,  with 
various  zeolites,  also  datollte,  pectolite,  calcite  ;  also  occasiounlly  iu  cavities  in  granite, 
gneiss,  etc.  Greenland,  Iceland,  the  FftrOer,  and  British  India  afiord  tine  specinu  ns  of 
apophyliite  in  amygdaloidal  basalt  or  diabase.  Occura  also  at  Andreasberg,  of  a  delicate 
pink;  Hadauthal  in  the  Uarz;  at  Orawitza,  Hungary,  with  wollastonite;  UiO.  Sweden;  on 
the  Seisser  Alp  in  T^'rol;  Guanajuato.  Mexico,  otten  of  a  beautiful  pink  upon  anietliysi. 

In  the  U.  8..  large  crystals  occur  at  Bergen  Hill,  N.  J.;  iu  Penn.,  at  the  Frencli  Creek 
mines  Chester  Co.;  at  the  Cliff  mine.  Lake  buperior  region;  Tuble  Mt.  ntar  Golden,  Colo.; 
in  California,  at  the  mercury  mines  of  New  Almaden  often  stained  bro^n  by  bitumen; 
also  from  Nova  Scotia  at  Cape  Blomidon,  and  other  points. 

Named  by  HaQy  in  allusion  to  its  tendency  to  exfoliate  under  the  blow]>ipe.  from 
(XTCo  And  0(;AAuK,  a  leaf.  Its  whitish  pearly  aspect,  resembling  the  e^'e  of  a  tish  after 
boiling,  gave  rise  to  the  earlier  name  IchthyophtlialmUe,  from  ix^^^ifi^^^'  u<pBaXfi6s,  eye, 

2.  Zeolites. 

The  Zeolites  form  a  family  of  well-defined  hydrous  silicates,  closely  re- 
lated to  each  other  iu  composition,  in  conditions  of  formation,  and  hence  in 
method  of  occurrence.  They  are  often  with  right  spoken  of  as  analogous  to 
the  Feldspars,  like  which  they  are  all  silicates  of  aluminium  with  sodium  and 
cjilciuin  chiefly,  also  rarely  barium  and  strontium;  magnesium,  iron,  etc.,  are 
absent  or  present  only  through  impurity  or  alteration.  Further,  the  com- 
position in  a  number  of  cases  corresponds  to  that  of  a  hydrated  feldspar;  while 
I'lision  and  slow  recrystallization  result  in  the  formation  from  spme  of  them  of 
anorthite  (CaAl,Si,OJ  or  a  calcium-albite  (CaAl,Si.O, J  as  shown  by  Doelter. 
The  Zeolites  do  not,  iiowever,  form  a  single  group  of  species  related  in  crystal- 
lization, like  the  Feldspars,  but  include  a  number  of  independent  groups 
widely  diverse  in  form  and  distinct  in  composition  ;  chief  among  these  are 
the  monoclinic  PniLLiPSiTE  Group;  the  rhombohedral  Chabazite  Group, 
and  the  orthorhombic  (and  monoclinic)  Natrolite  Group.  A  transition  m 
composition  between  certain  end  compounds  has  been  more  or  less  well 
established  in  certain  cases,  but,  unlike  the  Feldspars,  with  these  species  calcium 
and  sodium  seem  to  replace  one  another  and  an  increase  in  alkali  does  not 
necessarily  go  with  an  increase  in  silica. 

Like  other  hydrous  silicates  they  are  characterized  by  inferior  hardness, 
chiefly  from  3*5  to  5-5,  and  the  specific  gravity  is  also  lower  than  with  corre- 
sponding anhydrous  species,  chiefly  2*0  to  2*4.  Corresponding  to  these  charac- 
ters, they  arc  rather  readily  decomposed  by  acids,  many  of  them  with  gela- 
tinization.  The  intumescence  B.B  ,  which  gives  the  name  to  the  family  (from 
Zeivy  to  boil,  and  XWo^^  stone)  is  characteristic  of  a  large  part  of  the  species. 

The  Zeolites  are  all  secondary  minerals,  occurring  most  commonly  in 
cavities  and  veins  in  basic  igneous  rocks,  as  basalt,  diabase,  etc.  ;  less  fre- 
quently in  granite,  gneiss,  etc.  In  these  cases  the  lime  and  the  soda  in  part 
have  been  chiefly  yielded  by  the  feldspar;  the  soda  also  by  elaeolite,  sodalite, 
etc. ;  potash  by  leucite,  etc.  The  different  species  of  the  family  are  often  asso- 
ciated together;  also  with  pectolite  and  apophyliite  (sometimes  included  with 
the  zeolites),  datolite,  prehnite  and,  further,  calcite. 

PtnoUte.  RAUSiioOa^  -f  5H,0.  Here  R  =  Cn  :  K,  :  Na,  =  6  :  2  :  1  approx.  In  short 
capillary  needles,  airgregiited  in  delicate  tufis.  Colorless,  white.  Occurs  upon  a  bluish 
cluilcedony  in  cavities  in  a  vesicular  augite-andesite  found  in  fragments  in  the  conglom- 
erate beds  of  Green  Jind  Table  mountains,  Jefferson  Co.,  Colorado. 

Mordenite.  3RAl,Si,«Oa4  -f  20HaO,  where  R  =  K,  :  Na,  :  Ca  =  1  :  1  :  1.  In  minute 
ciystals  resembling  heulandite  in   habit  and  angles;  also  in  small  hemispherical  or  reni- 
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form  coucretions  witb  fibrous  structure.  H.  =3-4.  G.  =  215.  Color  while,  yellowiah 
or  pinkish.  Occurs  uear  Mordeu,  King's  Co.,  Nova  Scotia,  in  trap;  also  in  western  Wyo- 
ming near  Houdoo  Mt..  on  ihe  ridge  forming  the  divide  between  Clark's  Fork  auil  the 
East  Fork  (Lamar  H.)  of  the  Yellowstone  river. 


HBULANDITII.     Stilbite  some  authors. 

Monoclinic.    Axes:  d:h:i=  0  4035  :  1  :  0-4293;  /3  =  88°  34^'. 

886.  mm"\  110  A  110  =  48*'  56'.  es,  001  a  201  =  66''    0'. 

ct,        001  A  201  =  eS'*  40'.  ex,  001  a  031  =  40'*  38^'. 

Crystals  sometimes  flattened  ||  b,  the  surface  of  pearly  luster 
(Fig.  886;  also  Fig.  22,  p.  11);  form  often  suggestive  of  the  ortho- 
rhombic  system,  since  the  angles  cs  and  ct  differ  but  little.  Also 
in  globular  forms;  granular. 

Cleavage:  b  perfect.  Fracture  subconchoidal  to  uneven. 
Brittle.  H.  =  3-5-4.  G.  =  2-18-2-22.  Luster  of  b  strong 
pearly;  of  other  faces  vitreous.  Color  various  shades  of  white, 
passing  into  red,  gray  and  brown.  Streak  white.  Transparent 
to  subtranslucent.  Optically  +•  Ax.  pi.  and  Bx^  J.  b.  Ax.  pi. 
and  Bxo  for  some  localities  nearly  \\c;  also  for  others  nearly  J_  c  in  white 
light  (Dx).  Bxo  A  ^  =  +  57^°.  Axial  angle  variable,  from  0°  to  92^;  usually 
2Er  =  52".     Birefringence  low.     /^  =  1*499;  y  -  a  =  0007. 

Comp.— II,CaAl,(SiO,).  +  3H,0   or   5lJ,O.CaO.Al,0,.6SiO,  =  Silica  59-2, 
alumina  16*8,  lime  9*2,  water  14-8  =  100. 

Strontium  is  usually  present,  sometimes  up  to  3*6  p.  c. 

P3rr. — As  witb  stilbite.  p.  457. 

Obs. — Heulandite  occurs  principally  in  basaltic  rocks,  associated  witb  cbabazite,  stil- 
bite and  other  zeolites;    also  in  gneiss,  and  occasionally  in  metalliferous  veins. 

The  finest  specimens  of  this  species  come  from  Berutiord,  and  elsewhere  in  Iceland; 
the  FdiOer;  in  British  India,  near  Bcmibay;  also  in  railroad  cuttings  in  the  Bhor  and  Thul 
Gh&ts.  Also  occurs  in  the  Kilpatrick  Hills,  near  Glasgow;  on  the  I.  of  Skye;  Fassaihal, 
'I'yrol;  Andreasberi^,  Harz. 

In  ibe  United  States,  in  diabase  at  Bergen  Hill.  New  Jersey;  on  north  shore  of  Lake 
Superior;  with  haydenite  at  Jones's  Falls,  near  Baltimore  {benumontiU).  At  Peter's  Point, 
Nova  Scotia;  also  at  Cape  Blomidon,  and  other  points. 

Named  after  the  Enirlish  mineralo^ical  collector,  H.  Heuland,  whose  cabinet  was  the 
Uosis  of  the  classical  work  (1837)  of  Levy. 

Brewsterite.  H4(Sr.Ba,Ca)Al,Si«0,8  +  3H,0.  In  prismatic  crystals.  H  =  5.  G.  =  2'45. 
Color  white,  inclining  to  yellow  and  gray.  From  Slrontian  in  Argyleshire;  the  Giant's 
Causeway;  near  Freiburg  in  Breisgau,  etc. 

EpiitUbite.  Probably  like  heulandite.  H4CaA1sSi«Oit4-3H,0.  Crystals  monoclinic, 
uniformly  twins;  habit  prismatic.  In  radiated  spherical  aggregations;  also  granular. 
G.  =2*25.  Color  white.  Occui-s  with  scolecite  at  the  Berufiord,  Iceland;  the  FftrOer; 
Poona,  India;  in  small  reddish  crystals,  at  Margaretville,  N.  Scotia,  etc.  HeiasiU  is  from 
BantoriD. 


Phillipsite  Group.     Monoclinic. 

Wellrite  (Ba,Ca,K,)Al,Si.O,,  +  3H,0 

PhiUipiita  (K.,Ca)Al,Si,0„  +  4iH,0 

Hannotome  (K„Ba)Al,Si,0„  +  511,0 

Stilbite  (Na„Ca)Al.,Si.O..  +  611,0 

The  above  species,  while  crystallizing  in  the  monoclinic  system,  are  remark- 
able for  the  pseudo-symmetry  exhibited  by  their  twinned  forms.     Certain  o^ 
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these  twins  are  pseudo-orthorhombic,  others  pseudo-tetragonal  aud  more  com- 
plex twins  even  paeu do- isometric. 

Fr«seiiiuB  baa  sbown  that  tlie  ep«cles  oT  this  group  may  be  resided  as  formiDg  u  seriea, 
In  which  llie  niiio  of  RO  :  Al,0,  la  couslant  (=  1  ;  l;,  and  that  of  biO, :  H,U  uIm>  cUieUy 
1  ;  1.     The  end  compouuda  assumed  by  him  are : 

BAl,Si,0„  +  6H,0;  R,Al.Si.O,.  +  6H,0. 
Heie  li  =  Ca  chieHj,  In  phillipalte  and  itilbite,  ]ia  iu  liartuutoine,  wliile  iu  wellsitu  Ba, 
Ca,  mid  K,  are  present:  also  in  sniaUer  aracmuis  Na,,  K,.  The  first  of  ihu  above  euiiipoinidB 
may  be  reganliKl  as  a  hf druted  calcium  albile,  ilie  seuuuil  m  a  hydraled  auorthita.  Prall 
anil  Fuoie,  liowever.  ahow  ihat  the  unorlhilecnd  compound  mni-e  pmtiably  Iiiisihe  formula 
KAIiSigOi  +  2HaO  (or  ihia  doubled).  The  foniuilos  givun  beyond  are  those  corresponding 
to  reliable  analyses  of  certaJD  typical  occurrences. 

WelMte.  RAl.SiiO.g  -|-  8H.O  with  R  =  Ca  :  Ba  :  E,  =  3  :  1  :  8 ;  Sr  and  Na  alio 
preacnt   Iu   small    amount.     Pcrceniape    com-  ___  ---, 

position;  SiO,  43  fl.  Al,0,  24-8.  BnO  ii-6.  CO  ""'■  "*■ 

7-8.   K,0   6-1,   H,0   13-8  =  100.      Monoclluic  '  ^_ 

<aKes  p.  4541;  in  complex  twins,  nnaiogouB  to 
thoSLiof  phillipsile  and  harmnlome  [Figs  887, 
888).  Bi'ittle,  No  cleavnge.  H.  =  4-4-5. 
G.  =  a-378-3-888.  Luster  vitreous.  Colorless 
10  white.  Optically -I-.  Bxii{010).  Bi- 
refr[n|;ence  weak. 

Occurs  nt  the  Buck  Creek  (Cullaltauee) 
corundum  mine  Id  Clay  Co.,  No.  CaroUoa;  in 
isnlateil  crjstnla  allucbed  to  feldspar,  also  to 
iiornlilcnde  and  coruniluin;  luiimately  asso- 
ciated with  chabazite. 


PBCLLIFSITB. 

Monoclinic.     Axes  ^  :  t  :  f  =  0-7095  :  1  :  1-2563;  /5  =  55"  37'. 

mm'",  no  A  110  -  60'  43'.  em.  001  A  110  =  60*  50*. 
((/■,  100  A  iOl  =  84'  33'.  a.  Oil  A  Oil  =  93'  4'. 
Crystftla  uniformly  penetration -twins,  but  often 
simulating  ortliorhombic  or  tetragonal  forms.  Twins 
sometimes,  but  rarelj,  simple  (1)  with  tw.  pi.  c,  and 
\  tlien  cruciform  so  that  diagonal  parts  on  b  belong 
together,  hence  a  fourfold  Btriation,  ||  edge  b/m,  may  he 
often  observed  on  b.  (3)  Double  twina,  the  simple  twins 
just  noted  united  with  e  (Oil)  as  tw.  pi.,  and,  since  ee' 
varies  but  little  from  00°,  the  result  is  a  nearly  square 
prism,  terminated  by  what  appear  to  be  pyramidal  faces 
each  with  a  double  series  of  striatlons  away  from  the  medial  line.  See  Figs. 
422-424,  p.  130;  also  Fig.  363,  p.  122.  Faces  b  often  finely  striated  as  just 
noted,  but  striations  sometimes  absent  and  in  general  not  so  distinct  as  with 
liamiotome;  also  m  striated  ||  edge  b/in.  Crystals  either  isolated,  or  grouped 
in  tufts  or  spheres,  radiated  within  and  bristled  with  angles  at  surface. 

Cleavage:  c,  f>.  rather  distinct.  Fracture  uneven.  Brittle.  H.  =  4-4-5, 
G.  =  2'2.  Luster  vitreous.  Color  white,  sometimes  reddish.  Str«?ak  uncolored. 
Translucent  to  opaque.  Optically  +  Ax.  pi.  and  Bx„  J.  b.  The  ax  pi.  lies 
in  tliGolitiiae  angle  of  a  d,  and  is  usually  inclined  to  n  about  l.')"  to  20°,  or  75° 
to  70"  to  the  normal  toe.  Thetioaition,  however,  is  variable.  SH^r  =  71  "-84°. 
Comp. —  In  some  cases  tne  formula  is  (K,,CatAl,Si,0,,  +  4iH,0  = 
Silica  48R,  alumina  207,  lime  7'6,  potash  C-4,  water  105  =  100,  Here 
Ca  :  K,  3.  2  :  1. 
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— B.B,  crumblu  aiiJ  fuses  a 


i  ftvLite  euuncl.    Gelailnliea  with  bydro- 


Pyr.. 
chluric  acm, 

Oba. — Id  IransluccDt  crysluls  In  basnlt.  ut  tbe  G  Lint's  Cause  way,  Ii«Ibu(I  ;  at  Capo  di 
Bore,  nenr  Romei  Aci  Casii-llu  uud  elsewbere  In  Sicily,  ujiiuiik  llie  iHTiuof  Hit.  8.  ninia; 
at  Steiiipel,  near  Harbiirj^:  Auiieroil,  iit-iir  Giissviu  in  Ibe  Kaiserslubl,  wltb  fuul^iiite; 
Salesl,  Bulieiniu;  iu  liie  Kucieiit  lavaa  of  lliu  Puy-dc-Danit;. 

BABMOTOMB. 

Monoclinic.     Axea  a -A -.6  =  0  T031  :  1  :  1-2310;  /3  =  55°  10'. 

Cr;stikls  uniformly  cruciform  peiietratioii-twiiiB  with  c  as  tw.  pi.;    cither 

(1)  Bimple  twiDS  (Fig.  ti9U)  or  (~)  united  as  fourlings  with  tw.  pi.  e.  TheBe  double 

twins  often  have  the  aspect  oi  n  square  pnam  with  diagonal 

pyramid,  the  latter  witli  characteristic  feather-like  sti-iutions 

from  the  medial  line.    Also  iu  more  complex  groups  analogons 

I  to  those  of  phillipsite. 

Cleavage:  b  easy,  c  less  so.  Fractnre  uneven  to  Babcou- 
1  choidal.  Brittle.  H.  =  4-5.  G.  =  244-2-50.  Luster  Titreous. 
'  Color  white;  passing  into  gray,  yellow,  red  or  brown.  Streak 
white.  Su btra n spare nt  to  translucent.  Optically  +.  Ai. 
pi.  and  Bx.  J_i.  Ax.  pi.  in  obtuse  angle  a  d  and  inclined 
about  65°  to  ri  and  00"  to  d.  2H^,  =  87°  2'.  fi  =  J  "516. 
Comp.— In  part  H,(K„Ba)Al,Si,0„  +  4H,0  or  (K„Ba)0. 
Al,0,.5SiO,.5H,0  =  Silica  4T1,  alumina  16  0,  baryta  206,  potasli  21,  water 
U-1  =  100. 

Pyi..  etc  —B.B.  whitens,  Ibeii  crumbles  and  fuses  witliout  IntiiniesceDce  at  SS  tn  a. 
white  iraiisluceut  glass.  Some  varieties  plioi-pljorescc  when  bcnted.  Decomposed  !>/ 
bydrocblorit  acid  without  geliitinir.iiip. 

~         "  '      ' — '•   ---■   -I—:'--   -;niplive    rocIiB,    also    plionolite.   tmcbytc ;    not 

At  Sironliiin,  In  Scntlaud;   Id  k 


-Occurs   in   basalt  and  slm 


meiallift-T 
llieHar 
fnailiceoua  ^elides:  at  Kongslievg,  Niirwny. 


a  agate 

II  the  giieisi  oF  New  York  ialaud; 


nenr  Pt,  Artlinr.  L.  Siipeiior. 

Named  from  duMi^i,  joint,  and  r^iiytiv.  U>  cut,  alhiding  to  the  fnct  Hint  the  pyramid 
(made  by  the  priemaiic  fiicea  in  twioDing  posItfoD)  divides  parallel  to  tbe  plane  Ibat  passes 
tbrougb  tbe  terminal  edges. 

BTUiBITE.    Desmioe. 

Monoclinic.     Axes:  ii:l:i  =  0-7623  : 1 :  11940;  /?  =  50°  50'. 

Crystals  uniformly  cruciform  penetration- twins  with  tw,  pi.  c,  s«i. 
analogous  to  phillipite  and  harmotome.  The  apparent  form  a 
rhombic  pyramid  wfioso  faces  are  in  fact  formed  by  the  planes  mi 
and  m ;  the  verticjil  faces  being  then  tbe  pinacoids  b  and  c  (cf.  Figs. 
560-562,  p.  227).  Usually  tliin  tabular  |  6.  These  compound 
crystals  are  often  grouped  in  nearly  parallel  position,  forming  ebeaf- 
lilie  aggregates  with  the  side  face  (6),  showing  its  characteristic 
pearlylnster,  often  deeply  depressed.  Also  divergent  or  radiated; 
Boraetinios  globular  and  thin  lamellar-columnar. 

Cleavage:  b  perfect.  Fracture  uneven.  Brittle.  H.  =  3-.5-4. 
G.  =  2  094-2 -305  ;  2-161  Haid.  Luster  vitreous;  of  b  pearly. 
Color  white ;  occasionally  yellow,  brown  or  red,  to  brick-red. 
Streak  uncolored.  Transparent  to  tninshicent.  Optically  — .  Ax. 
pi.  H  A.  Bx,  inclined  5°  to  axis  I'l  in  obtuse  angle  a  i;  hence  Bx,  A  (t  = 
60',     Ax.  angle  approx.  52°  to  53°  (blue  glass);  ^  =  1-498. 
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Comp.— For  most  varieties  H,(Na„Ca)Al,Si,0„+  4H,0  or  (Na„Ca)O.Al,0.. 
6SiO,.6H,0  =  Silica  57-4,  alumina  16  3,  lime  7*7,  soda  1-4,  water  172  ==  100. 
Here  Ca  :  Na,  =  6:1. 

Some  kiuds  show  ii  lower  percentage  of  silica,  and  these  have  been  called  hppostilbite. 

P3rr.,  etc.— B.B.  exfoliates,  swells  up,  curves  into  fan-like  or  vermicular  forms,  and 
fuses  to  a  white  enamel.  F.  =  !^3*5.  Decomposed  by  hydrochloric  acid,  without  gela- 
tinizins?. 

Diff. — Characterized  by  the  frequency  of  radiating  or  sheaf-like  forms;  by  the  pearly 
lusier  on  the  cliuopinacoid.     Does  not  gelatinize  with  acids. 

Obs. — Stilbile  occurs  mostly  in  cavities  in  amygdaloidal  basalt,  and  similar  rocks.  It  is 
also  found  in  some  metalliferous  veins,  and  in  granite  and  gneiss. 

Abundant  (m  the  Fftr5er;  in  Iceland;  on  the  Isle  of  Skye,  in  amygdaloid ;  also  in  Dumbar* 
tonshire.  Scotland,  in  red  crystals  ;  the  Giant's  Causeway.  Ireland ;  at  Audreasberg  in  the 
Harz,  and  Eongsberg  and  Arendal  in  Norway,  with  iron  ore ;  on  the  Seisser  Alp  in  Tyrol, 
and  at  the  PuHerloch  ipujlfrite);  on  the  granite  of  Strieguu,  Silesia.  A  common  mineral 
in  the  Deccan  trap  area  of  British  India. 

In  North  Amei  ica.  sparingly  in  small  crystals  at  Chester  and  at  the  Somerville  syenite 
quarries.  Mass.;  at  Phillipstown,  N.  Y. ;  and  at  Bergen  Hill,  New  Jersey;  also  at  the 
Michipicoten  Islands,  Lake  Superior.  At  Partridge  Island,  Nova  Scotia ;  also  at  Isle 
Haute,  Digbv  Neck,  Cape  Blomidon,  etc. 

The  name  stilbiU  is  from  artX/Uff,  luster-,  and  desmine  from  84amj,  a  bundle. 

Olsmondite.  Perhaps  CaAUSitOjt  -)-4HaO.  In  pyramidal  crystals,  pseudo-tetraffonal. 
II.  =  4-5.  G.  =  2  265.  Colorless  or  white,  bluish  white,  grayish,  reddish.  Occurs  in  the 
leucitophyre  of  Mt.  Albano.  near  Rome,  at  Capodi  Bove,  and  elsewhere,  etc.;  on  the  Gorner 
glacier,  near  Zcrmatt;  Schlauroih  near  G5rlitz  in  Silesia;  SalesI,  Bohemia,  etc. 

LAUMONTITE.     Leonhardite.     Caporcianite. 

Monoclinic.     Axes  h\ti6—  1-1451  :  1  :  05906;  ft  =  68°  46'. 

Twins  :  tw.  pi.  a.  Common  form  the  prism  m  {mm"'  =  93°  44')  with 
oblique  termination  e,  201  {ce  =  56°  55').  Also  columnar,  radiating  and 
divergent. 

Cleavage  :  b  and  m  very  perfect  ;  a  imperfect.  Fracture  uneven.  Not 
very  brittle.  H.  =  3*5-4.  G.  =  2 -25-2 -36.  Luster  vitreous,  inclining  to 
pearly  upon  the  faces  of  cleavage.  Color  white,  passing  into  yellow  or  gray,, 
sometimes  red.  Streak  uncolored.  Transparent  to  translucent ;  becoming 
opaque  and  usually  pulverulent  on  exposure.  Optically  — .  Ax.  pi.  ||  b. 
Bxa  A  ^  =  +  65°  to  70°.  Dispersion  large,  p  <  v;  inclined,  slight.  '^E,  =  5'2*^ 
24'. 

Comp.,  Tar.— H,CaAl,Si,0„+  2H,0  =  4H,O.CaO.Al,0,.4SiO,=  Silica  511,. 
alumina  21'7,  lime  11-9,  water  15*3  =  100. 

Leonhardite  is  a  laumoulite  which  has  lost  part  of  its  water  (to  one  molecule),  and  tlie 
same  is  prolmbly  true  of  caporcinnite.  ScJineiderite  is  lanniontite  fioni  the  Herpeiitiiie  of 
Monte  Caiini,  Italy,  which  has  undergone  alteration  through  the  action  of  mngnesinn 
solutions. 

Pyr.,  etc.— B.B.  swells  up  and  fuses  at  2*5-3  to  a  white  enamel.  Oelalinizes  with 
hydrochloric  iui(i. 

Obs. —Occurs  in  the  cavities  of  basnlt  and  similar  eruptive  rocks;  also  in  porphyry  and 
syenite,  and  o(!cn8ionall3'  in  veins  traversinj^  clay  slate  with  calciie. 

Its  priDcipal  localities  are  the  FilrOer;  Disko  in  Greenland:  in  I3olicniin,  at  Eule  in  clay 
slrtte;  St.  GolliartI  in  Switzerl  md;  the  Fassathnl:  the  Kilpatrick  hills,  ne.ir  Glasgow;  the 
Hebrides,  und  the  north  of  Ireland.     In  India,  in  the  Deccan  trap  area,  at  Poona.  etc. 

Peter's  Point.  Nova  Scotia,  affords  fine  specimens  of  this  species.  Foiiiul  at  Phippsburg^ 
Maine.  Abundant  in  many  places  in  the  copper  veins  of  Lake  Su  eiior  in  trap,  and  on 
I.  Uoyale;  on  norih  shore  of  Lake  Superior,  between  Pigeon  Biyand  Fond  du  Lac.  Fount! 
also  at  Berixen  Hill,  N.  J.;  at  the  Tilly  Foster  iron  mine,  Brewster.  N.  Y. 

Laubanite  Ca,Al,Si»0,ft  -f-  6H,0.  Re«embh's  stilhite.  IL  =  4'5-5.  G.  =  2-23. 
Color  snow-white.     Occurs  upon  phillipsitc  in  basalt  at  Lauban,  Silesia. 
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Chabazite  Group.    Bhombohedral. 


Chabazite     (Ca,Na,)Al,Si,0,,  +  6H,0,  pt. 
Gmelinite     (Na,Ca)Al,Si,0„  +  6H,0 
Levynite     CaAl,Si,0,„  +  blifi 


85°  W      1-0860 

68°    8'      0  7345   or  \b  =  1-1017 

73°  56'      0-8357        J(J=  1*1143 


The  Chabazite  Group  includes  these  three  rhombohedral  species.     The 

fundamental  rhombohedrons  liave  different  angles,  but,  as  shown  in  the  axial 

ratios   above,  they  are  closely  related,  since,  taking   the   rhonibohedron    of 

Chabazite  as   the  basis,  that  of  Gmelinite  has  the  symbol  K*-^0S3)   and  of 

Levynite  }(3034). 

The  variation  in  coinp  >sition  often  observed  in  the  first  two  species  has  led  to  the  rather 
plausible  hypothesis  that  tliey  are  to  be  viewed  as  isomorphous  mixtures  of  the  fcldspar-Ilke 
compounds 

(Ca.NaOAl,Si,Og  -f  4HaO.  (Ca.Na,)Al2Si.O,.  -f  8HaO. 


CHABAZITE. 

Ehombohedral.     Axis  k  =  1-0860;  0001  A  1011  =  51°  25i'. 


892. 


893. 


894. 


Phacolite. 

Twins:  (1)  tw.  axis  (},  penetration-twins  common.  (2)  Tw.  pi.  r,  contact- 
twins,  rare.  Form  commonly  the  simple  rhombohedron  varying  little  in  angle 
from  a  cube  {rr'  =  85°  14');  also  r  and  e  (0ll2),  {ee'  =  54"' 47').  Also  in 
complex  twins  (Fig.  348,  p.  118).     Also  amorphous. 

Cleavage:    r   rather    distinct.      Fracture    uneven.      Brittle.     H.  =  4-5, 

G.  =  2-08-2*16.     Luster  vitreous.     Color  white,  flesh-red;   streak  uncolored. 

Transparent  to  translucent.     Optically  — ;  also  +  (Andreasberg,  also  hayden- 

ite).     Birefringence  low.   The  interference-figure  usually  confused ;  sometimes 

distinctly  biaxial;  basal  sections  then  divided  into  sharply  defined  sectors  with 

different  optical  orientation.     These  anomalous  optical  characters  probably 

secondary  and  chiefly  conditioned  by  the  variation  in  the  amount  of  water 

l)resent.     Mean  refractive  index  1*5. 

Var— 1.  Ordinaj-y,  The  most  common  form  is  the  fundamental  rhombohedron,  in 
which  the  aii^le  is  so  near  90"  that  the  crystals  wei-e  ut  first  mistaken  for  cuIhjs.  AeadicUite, 
froMi  XovH  S('()tia  (Acadia  of  the  French  of  last  century),  is  a  reddish  chabazite:  sometimes 
iicjirly  colorless,  llaydeniie  is  a  yellowish  variety  in  small  crystals  from  Jones's  Falls,  near 
linliimore,  Mil.  2.  Pfiacolite  is  a  colorless  variety  occurring  in  twins  of  hexagonal  form 
<Fig.  S94).  and  lenticular  in  sh.ipe  (whence  the  name,  from  0aK(U,  ahean)\  the  original 
WIS  from  Liipa  in  Bohemia.  Here  belongs  also  Jtei'schelite  (seebachite)  from  Richmond, 
Viciorii;  the  composite  twins  of  great  variety  and  beauty.  Probably  also  the  original 
hersclielite  from  Sicily.  It  occurs  in  flat,  almost  tabular,  hexagonal  prisms  with  rouuded 
torminulions  divided  into  six  sectors. 
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Comp.—  Somewhat  uncertain,  since  a  rather  wide  variation  is  often  noted 
even  among  specimens  from  the  same  locality.  The  ratio  of  (Ca,Na,.K,)  :  Al 
is  nearly  constant  (=  1  :  1),  but  of  Al,  :  Si  varies  from  1  :  3  to  1  :  5;  the  water 
also  increases  with' the  increase  in  silica.  The  composition  usually  corre- 
sponds to  (Ca,Na,) Al,Si^O„  -|-  6H,0,  which,  if  calcium  alone  is  present,  requires : 
Silica  47-4,  alumina  20-2,  lime  U'J,  water  21-3  =  100.  •  If  Ca  :  Na,  =  1:1,  the 
percentage  composition  is:  Silica  47*2,  alumina  200,  lime  5*5,  soda  6*1,  water 
21-2  =  100. 

PuUissiiim  is  present,  in  smnll  amount,  also,  sometimes,  bnriiim  and  strontium.  Slreng 
explains  the  supi)08ed  facts  most  satisfactorily  by  the  hypo  hcsis  that  the  members  of  the 
group  are  isomorphous  mixtures  analogous  to  the  feldspnrs.  us  noted  on  p.  453. 

Pyr.,  etc. — B.B.  iutumesces  and  fuses  to  a  blebby  glass,  nearly  opaque.  Decomposed 
by  hydrochloric  acid,  with  separation  of  slimy  silica. 

Diff.— Characterized  by  rhombohedral  form  (resembling  a  cube).  It  is  harder  tl^nn 
culcite  and  does  not  effervesce  with  acid;  unlike  calciie  and  nuorite  in  cleavage;  fuses  B.B. 
with  intumescence  unlike  analcite. 

Oba.— Occurs  mostly  in  basaltic  rocks,  and  occasionally  in  gneiss,  syenite,  mica  schist, 
hornblendic  schist.  Occurs  at  the  FftrSer.  Greenland,  and  Iceland,  associated  with  chlorite 
and  stilbite;  at  Aussig  in  Bohemia;  nt  Ol)erstein,  with  harmotome;  at  Anuerod,  near 
Giessen;  at  the  Giant's  Causeway,  Antrim,  Renfrewshire;  Isle  of  Skye,  etc. 

In  the  U.  S.,  in  syenite  at  Somerville,  Mass.;  at  Bergen  Hill,  In.  J.,  in  small  crystals; 
at  Jones's  Falls  near  Baltimore  {haydenite).  In  Nova  Scotia,  wine-yellow  or  tiesh-red  (the 
hist  tie  ffC'idialite),  associated  with  heulandite,  analcite  and  calcite,  at  Five  Islands,  Swan's 
Creek,  Dig  by  Neck,  etc. 

The  n.-ime  Chabazite  is  from  x^/^^^^o?,  an  ancient  name  of  a  stone. 


OMEIilNITE. 

Rhombohedral.     Axis  i  =  0  7345. 

Crystals     usually    hexagonal  896.  896. 

in   aspect;   sometimes   p  (Olll)  ^ 

smaller  than  r  (lOll),  and  habit 
rhombohedral  ;  rr'  =  68°  8', 
rp  =  37°  44'. 

Cleavage:   m  easy  ;    c  some- 
times distinct.   Fracture  uneven. 
Brittle.     H.  =:  4*5.     G.  =  2  04- 
2*17.    Luster  vitreous.    Colorless, 
yellowish  white,  greenish  white, 
reddish   white,  flesh-red.     Transparent   to  translucent.     Optically  positive, 
Cyprus,  also  negative,  Andreasberg,  the  Vicentine,  and  Glenarm,  N.  Scotia- 
Birefringence  very  low.   Interference- figure  often  disturbed,  and  basal  sections 
divided  optically  into  section  analogous  to  chabazite. 

Comp.— In  part  (Na,,Ca)Al,Si^O„  +  6H,0.  If  sodium  alone  is  present 
this  requires:  Silica  46'9,  alumina  19-9,  soda  12'i,  water  21*1  =  100.  See  also 
p.  458. 

Pyr.,  etc.— B.B.  fuses  easily  (F.  =  2*5-3)  to  a  white  enamel.  Decomposed  by  hydro- 
chloric acid  with  sepnniiion  of  silica. 

Obs. — Occurs  in  flesh-red  crystals  in  amypdaloidal  rocks  at  Montecchio  Maggiore;  at 
Andreasberg;  in  Transylvjuiia;  Antrim,  Ireland:  Talislier  in  Skye,  in  large  colorless 
crystals. 

In  the  Unit<*d  States  in  fine  white  crystals  at  Bergen  Hill,  N.  J.  At  Cape  Blomidon, 
Nova  Scotia  (ledei'frite):  also  at  Two  Islands  and  Five  Islands. 

Named  Gmelinite  after  Prof.  Ch.  Gmeliu  of  Tttbingen  (1792-1860). 

Levynite.  CaAl9SisO,o-|-''iH,0.  In  rhombohedral  crystals.  H.  =  4-4*5.  G.  =  2*09- 
216.     Colorless,  white,  grayish,  reddish,  yellowish.     Found  at  Glenarm  and  at  Island 
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Magee,  Antrim;  at  DalsDypen,  Far5er;  In  Iceland;  In  the  basalt  of  Table  MounUin  near 
Golden,  Colorado. 

Offiretite.     A  potasb  zeolite,  related  to  the  species  of  the  chubazlte  group.     lo  basalt 
of  Mout  Simiouse.  France. 


897. 


898. 


rW\ 


W 


ANALOITE.     Analcime. 

Isometric.   Usually  in  trapezohedrons;  also  cubes  with  faces  n  (211);  again 

the  cubic  faces  replaced  by  a 
vicinal  trisoctahedron.  Some- 
times in  composite  gronpa 
about  a  single  crystal  as  nu- 
cleus (Fig.  351,  p.  119).  Also 
massive  granular;  compact 
with  concentric  structure. 

Cleavage:  cubic,  in  traces. 
Fracture  subconchoidal.  Brit- 
tle. H.  =  5-5-6.  G.  =  2-22- 
2-29;  2-278  Thomson.  Luster 
vitreous.  Colorless,  white;  occasionally  grayish,  greenish,  yellowish,  or 
reddish  white.  Transparent  to  nearly  opaque.  Often  shows  weak  double 
refraction,  which  is  apparently  connected  with  loss  of  water  and  consequent 
change  in  molecular  structure  (Art.  411).     Wp  =  1*4874. 

Comp.— NaAlSi,0,4-  H,0  =  Na30.Al,0,.4SiO,.2H,0  =  Silica  54-5,  alumina 
23-2,  soda  14*  1,  water  8*2  =  100. 

Pyr.,  etc. — Yields  water  in  the  closed  tube.  B.B.  fuses  at  2*5  to  a  colorless  glass. 
Gelatinizes  wltb  liydrochloric  acid. 

Diflf.— Chnrncteri/ed  by  tmpezobedral  form,  but  is  softer  than  garnet,  and  yields  water 
B.B..  unlike  leucite  (wbicli  is  also  iufusible);  fuses  witbout  iutumescence  to  a  clear  glass 
uulike  obabazitc. 

liecoguized  iu  tbin  sections  by  its  very  low  relief  and  isotropic  character:  often  shows 
optical  uDomalies  From  leucite  and  sodalite  surely  distiuguislicd  only  by  chemical  tests, 
i.e.,  absence  of  cblorine  in  the  nitric-acid  test  (see  soidulite,  p.  444),  absence  of  much  potash 
and  abundance  of  soda  in  tbe  solution,  and  evolution  of  much  water  from  the  powder  in  a 
closed  glass  tube  below  a  red  beat. 

Obs. — Occurs  frequently  with  other  zeolites,  also  prehnite.  calcile,  etc.,  in  cavities  and 
seams  in  basic  igneous  rocks,  as  bastilt,  diabase,  etc.;  also  in  granite,  gneiss,  etc.  Recently 
sbown  to  be  also  a  ratber  widespread  component  of  tbe  groundmass  of  various  basic 
igneous  rocks,  at  times  being  the  only  alkali-alumina  silicate  present,  as  in  tbe  so-called 
analcite-basalts.  Has  been  bold  in  such  cases  to  be  a  primary  mineral  produced  by  the 
crystallization  of  a  magma  containing  considerable  soda  and  water  vapor  held  under 
pressure 

The  Cyclopean  Islands,  near  Catania,  Sicily,  afford  pellucid  crystals:  also  the  Fassathal 
in  Tyrol;  ofber  localities  are,  i:i  Scotland,  in  the  Kilpntrick  Illls:  Co.  Antrim,  etc,  iti 
Ireland;  ibe  FarOer;  Icelan<l:  near  Auj^sig,  Bobemia;  at  Arendal,  Norway,  iu  beds  of  iron 
ore;  at  AndnasbiMg,  in  llie  H.-irz,  in  silver  m'nes. 

In  tbe  U.  S.,  occurs  :it  Bergen  Hill  New  Jersey;  in  gneiss  near  Yon  ken*.  Westchester 
Co.,  N.  Y.:  abundant  in  line  crystals,  witb  prebrnte,  datolite,  and  cilcite,  in  tbe  Lake 
Superior  region;  at  Table  Mt.  near  Golden,  Colorado,  wiib  oiber  zeolites.  Nova  Sootia 
affords  line  specimens. 

The  name  Analciine  is  from  avaXKt^  weak,  and  alludes  to  its  weak  electric  power 
when  heated  or  rubbed.     Tbe  correct  dtrivaiive  is  anaUite,  asliere  adopted  for  tbe  species. 

Pay\jaBite.     Perhaps  HiNaaCaAhSi.uO,,  +  IRHyO. 

In  isometric  octahedrons.  II.  =  5.  G.  =  1  923.  Colorless,  white.  Occurs  with  augite 
in  the  limburi^ite  of  Snsbacb  in  the  Kaiserstubl.  Baden,  etc. 

Edingtonite.  Perhaps  BaAUSiaO.o  -f  3H.iO.  Crystals  pyramidal  in  habit  (tetragonal- 
sphenoidal);  also  massive.  H.  =  4-4  5.  G  =2'694.  White,  grayish  white,  pink. 
Occurs  in  tbe  Kilpatrick  Hills,  near  Glasgow,  Scotland,  with  harmotome. 
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Mstrolite  Group.    Orthorhombic  and  Monoclinic. 


HfttroUto 


N«,Al,Si,0„  +  8H,0 


0-9785  :  1 


i:8:<! 


.1 

:  0-3536 


Scoleoit6  Cs(A10lf  ),(SiO,),  +  2H,0  0-9764  :  1  :  0-3434  89°  18' 

■.„11.-  jN«,Al,Si.O,.  +  2H,0 

"•"I"*  1  2lc'aAl,Si,6„  +  3ll.O] 

TUe  llireo  Hpecies  of  the  Natbolitk  Gboup  agree  closely  in  angle,  llioiigli  vnryiiig  in 
cryeiullliie  syslem  :  Natrollle  is  orthorliuinbic  usually,  tlio  rurely  moiiucliuic;;  Sculecile  li 
.   muiiocliDic.  p«rliapa  nlso  io  puU  triclinii;:  Heaolite  seema  to  be  botli  moDudiuic  mid  iri- 
cliuic.     PibruHS.  nidiatlng  or  divergent  erou  s  are  common  to  all  these  species. 

The  Natrolite Group  includes  Ihe  sodinm  sllicale,  Nntmlile,  wilb  ihe  empirical  formula 
Na,AI,Si>U,..2H,0;    Ibe   caiclum   aillcaie,    Scolecile.    CaAI,SiiO,..SH,Oi  also   Hesolit* 
I  ffiNa,A1,SI.0„.SH,0 
\  nCaAl,8i,0,..8H,O  ■ 


:  0-3536. 


900. 


iDtermedlule  between  these  and  corresponding  u 

NATROUTE.     Nadelzeolilh  Oerm. 
Orthorhombic.  *    Axes  a:h:i  =  0-9786  : 
mm'",  110  A  liO  =  88'  451'. 
mi/.      110  A  111  =  63-11'. 
00'.       Ill  A  ill  =  87°  S8'. 
do'".     Ill  A  ill  =  86°  471'. 
Crjstikis  prismatic,  naually  very  slender  to 
acicular;  frequently  divergent,  or  in  stellate 
group.     Also  fibrous,  radiating,  massive,  gran- 
ular, or  compact. 

Cleavage:  »t  perfect;  b  imperfect,  perhaps 
only  a  plarte  of  parting.  Fracture  uneven. 
H.  =  5-5-5.  G.  =  2  20-2-25.  Luster  vit- 
reous, sometimes  inclining  to  pearlv,  especially  in  fibrous  varieties.  Color 
white,  or  colorless;  to  grayish,  yellowish,  reddish  to  red.  Transparent  to 
translucent.  Optically  +.  Ax.  pi.  J  i.  Bx  J.  c.  2E,  =  93"  28'.  fi,  =  I-ITS?; 
y  -a  =0012. 

Var. — Ordinary.  Commonly  either  (a)  In  groups  of  slender  colorless  prismatic  crya- 
lals,  vnrylniibiit  litllelii  nugle  from  eqiinre  prisms,  often  adcular,  or  (i)  in  Ubnius diver- 
gent or  radiated  mnases.  vitreous  In  luster.  orliutsliEhlly  pearly  (tbeae  radiated  forms  nfien 
rtsemble  tbc)se  of  thomsonite  and  peclolite):  often  ^bo (e) solid  amygdules.  usually  radiated 
librou<i.  and  Bomewhiit  sillty  in  luster  within;  (if)  rarely  compact  massive.  Gaiaetite  <s 
ordi'mrily  natrolite.  tn  colorless  needles  from  southern  Scotland, 

B^rgmimniie.  tprtustein,  bmieitt.  are  names  whicli  have  been  given  to  Ihe  narrolfte 
from  the  aiigile-sycntte  of  southern  Norwav.  on  the  LnngeMinrt  flortl.  In  Ihe  "Brevik" 
leirioi'.  whi're  it  occurs  fibrous,  massive,  and  In  long  prismatic  cryMiiIHiatlons.  and  from 
wiilte  to  red  in  color.  Derived  In  pnrl  from  elxollte.  In  part  fmm  siiclnliti-.  iTan-natroliU 
iHa  dark  green  opaque  variety,  either  cry ata) line  or  amorphous,  firom  the  Brevik  region;  the 
iron  U  due  to  inclusions. 

Comp.— Na,AI,Si,0,.-|-2H.O  or  Na,O.Al,0,.3SiO, +  2H,0  =  Silica  474, 
alumina  26-8.  Na.O  16-3,  water  9-5  =  100. 

Pyr.,  etc.— Io  the  closed  tube  wlillensaud  becomes  opaque.  B.B.  fuses  quiely  nt2  to 
a  colorleKs  glass.  Fusible  lu  the  finme  ot  an  ordinary  stearine  or  wax  candle.  Oelallnizea 
vrilh  ncida. 

Diff  —Distinguished  from  aragontte  and  pectoltie  by  its  easy  fusibility  and  gelatin izatlon 
with  acid. 

Oba.— Occur*  In  cavfliei    in  amygdaloldal    basalt,  and  other  related  Igneoua  rocks; 


•Inn 


e  cases  the  crystals  seem  to  be  monocllolc. 
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sometimes  in  seams  in  granite,  gneiss,  mid  syenite.  Found  at  Aussig  and  Teplltz  in  Bohe- 
mia; in  fine  crystals  in  Auvergne;  F:is>atlinf,  Tyrol;  Kapnik.  Hungary.  In  red  amygdules 
(erocaliU)  iu  amygdaloid  of  Irelantl,  Sc-othind  nnd  Tyrol:  ihc  amygdaloid  '>f  ^'«^opton 
(galacUU);  at  Glen  Farg  {f>trgite\  in  Fifesiiire.  Common  in  tbe  augite-syeuiie  of  Uie  Langt- 
sund  fiord,  nearBrevik.  S"iiiljern  Norwiiy. 

In  Norib  America,  in  tlie  trap  of  Nova  Scotia;  at  Bergen  Hill.  N.  J.;  at  Copper  FulN, 
Lake  Su lienor. 

Named  Metotype  by  HaQy,  from  ueao?,  middle,  and  rvnoi,  tyje,  because  the  'omi  of 
the  crystal— in  bis  view  a  square  pii!>m — was  intermediate  between  tbe  forms  of  slilbiie  and 
analcite.  Natrolite,  of  Klaproib,  is  from  natron,  toda;  it  alludes  to  tbe  presence  of  soda, 
wbeuce  also  tbe  name  9oaame9otype,  iu  contrast  with  scolecite.  or  Ume-nuBOtyp^, 

8COLECITZ3. 

Monoclinic.     Axes  a.  ^  :  ^  =  09764  :  1  :  0-3434;  /?  =  89°  18/ 
Crystals  slender  prisroatic  (mm'"  =  88**  37^'),  twins    showing  a  feather- 
like striation  on  b,  diverging  upward;  also  as  penetration-twins.     Crystals  iu 
divergent  groups.     Also  massive,  fibrous  and  radiated,  and  in  nodules. 

Cleavage:  m  nearly  perfect.  II.  =  5-5*5.  G.  =  2*1 6-2*4.  Luster  vitreons, 
or  silkv  when  fibrous.  Transparent  to  subtranslucent.  Optically  — .  Ax.  pi. 
and  Bx„  ±b.     Bx.  A  ^  =  15M6^     211^^  =  ^^'  26'.     /3  =  r4952. 

Comp.— CaAl,Si,0,,  +  3H,0  or  CaO.Al,0,.3SiO,.:3H,0  =  Silica  459,  alu- 
mina 26U  lime  14*3,  water  13-8  =  100. 

Pyr..  etc.  — B.B.  sometimes  curls  up  like  a  worm  (wbence  tbe  name  from  <TK<JX?f^,  a 
irorrn.  wbicb  gives  seoUcite.  and  not  $eoU»ite  or  scoUeiU):  otber  v.'irieties  iiitumesce  but 
sligbtly,  nud  all  fuse  at  2-2  2  to  a  wbite  blebby  eiiamel.  Gelatinizes  witb  acids  like 
natrolite. 

Obs. — Occurs  in  tbe  Berufionl.  Iceland;  in  amygdaloid  at  Staffa:  in  Skye.  nt  Tali&ker: 
near  Ei^enarb,  Saxony;  in  Auvorgne;  common  in  tine  crybtallizaticms  iu  tbe  Deccan  trap 
area,  in  Britisli  India.  In  tbe  United  States,  in  Colorado  nt  Table  Mountain  near  Golden 
in  cavities  in  basalt.     In  Canada,  at  Black  Lake,  Megantic  Co.,  Quebec. 

Mesolite.  Intermediate  between  natrolite  and  scolecite  (see  p.  432).  In  licicular 
and  capillary  crystals:  delicate  divergent  tufts,  etc.  G.  =  2  29.  Wbite  or  colorless.  In 
amygdaloidal  bnsalt  at  numemus  points. 

THOMSONTTE. 

Orthorhombic.     Axes  d  :h:i  =  0*9932  :  1  :  10066. 

Distinct  crystals  rare;  in  prisms,  mm'"  =  89°  37'.  Commonly  columnar, 
structure  radiated;  in  radiated  spherical  concretions;  also  closely  compact. 

Cleavage:   b  perfect;  a  less  so;  c  in  traces.     Fracture  uneven  to  subcon- 

choidal.    Brittle.     H.  =  5-5*5.     G.  =  2'3-2'4.     Luster  vitreous,  more  or  less 

pearly.     Snow-white;  reddish,  green ;  impure  varieties  brown.     Streak  uncol- 

ored.     Transparent  to  translucent.     Pyroelectric.     Optically  -f .     Ax.  pi.  |  c 

Bx  _L  b.     Didpersion  p>  v  strong.     2Er  =  82".     /?r  =  1-503. 

Var,— 1.  Ortlififiry.  (a)  In  regular  crystals,  usually  more  or  less  rectangular  in  out- 
line, prismatic  in  babit.  (b)  Prisms  slender,  often  vesicular  to  radiated,  (e)  Radiated 
fibrous,  id)  SpbcHcjil  concietions,  consisting  of  nidiated  fibers  or  slender  crystals.  Also 
massive,  gmnulur  to  impalpable,  and  wbito  lo  reddisb  brown,  less  often  green  as  iu  Unton" 
iu.  Tbe  spberical  miissive  forms  also  mdiated  witb  several  centers  and  of  varying  colors, 
bencc  of  mucb  beauty  wben  polisbed.  Otarkite  is  a  wbite  massive  tbomsouitc  from 
Arkansas. 

Comp,--(Na„Ca)Al,Si,0,  +  f n,0  or  (Na„Ca)O.Al,0,.2SiO,.|H,0.  The 
ratio  of  Na,  :  Ca  varies  from  3  :  1  to  1  :  1.  If  Ca  :  Xa,  =  3:1  the  percentage 
composition  requires:  SiO,  37*0,  A1,0,  31*4,  CaO  129,  Na,0  4*8,  H,0  13-9  = 
100. 

Pyr..  etc.— B.B  fuses  witb  intumescence  at  2  to  a  wbite  enamel.  Gelatinizes  with 
bydn»chloric  acid. 

Diff  —Resembles  some  natrolite.  but  fuses  to  an  opaque  not  to  a  clear  glass. 
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Obs.— Fouud  in  cavities  io  lava  in  amygdaloidal  igneous  roclis,  sometimes  witli 
elseolite  as  a  result  of  its  alteration.  Occurs  near  Eilpatrick.  Scotlaud;  in  ibe  lavas  of 
Somma  {eomptonite);  in  basalt  at  the  Ptiasterkaute  in  Saxe  Weimar;  in  Bohemia,  in  phono- 
lite;  the  Cyclopean  islands.  Sicily;  near  Brevik,  Norwiiy;  the  FftrOer;  Iceland  (carpho- 
stilbite,  straw-yellow):  at  Mt.  Monzoni,  Fassjithal. 

Occurs  at  Peter's  Point,  Nova  Scoiiu  In  the  U.  8.  at  Magnet  Cove  (otarkite)  in  the 
Ozark  Mts.,  Arkansas;  in  the  amygdaloid  of  (irand  Marais,  L  Superior,  which  Yields  the 
water-worn  pebbles  resembling  agate,  in  part  green  (linionite);  in  the  basalt  of  Table  Mt. 
near  Golden,  Colo. 

HydronepheUte.  HNa,Al,Si,0,,  -f  8H,0.  Massive,  radiated.  H.  =  4  5-6.  G  =  2-263. 
Color  white;  also  dark  gray.  From  LitchHeld,  Maine.  Banite  from  the  Langesund  fiord, 
Norway,  is  similar.  « 


11.  Mica  Division. 

The  species  embraced  under  this  Division  fall  into  three  groups:  1,  the 
Mica  Group,  including  the  Micus  proper;  2,  the  Clintonitb  Group,  or  the 
Brittle  Micas;  3,  the  Chlorite  Group.  Supplementary  to  these  are  the 
Yermiculites,  hydrated  compounds  chiefly  results  of  the  alteration  of  some  one 
of  the  micas. 

All  of  the  above  species  have  the  characteristic  micaceous  structure,  that 
is,  they  have  highly  perfect  basal  cleavage  and  yield  easily  thin  laminae.  They 
belong  to  the  monoclinic  system,  but  the  position  of  the  bisectrix  in  general 
deviates  but  little  from  the  normal  to  the  pTtane  of  cleavage;  all  of  them  show 
on  the  basal  section  plane  angles  of  G0°  or  120°,  marking  the  relative  position 
of  the  chief  zones  of  forms  present,  and  giving  them  the  appearance  of  he;c- 
agonal  or  rhombohedral  symmetry;  further,  they  are  more  or  less  closely 
related  among  themselves  in  the  angles  of  prominent  forms. 

The  species  of  this  Division  all  yield  water  upon  ignition,  the  micas  mostly 
from  4  to  5  p.  c. ,  the  chlorites  from  10  to  1 3  p.  c. ;  this  is  probably  to  be 
regarded  in  all  cases  as  water  of  constitution,  and  hence  they  are  not  properly 
hydrous  silicates. 

More  or  less  closely  related  to  these  species  are  those  of  the  Serpentine  and 
Talc  Division  and  the  Kaolin  Division  following,  many  of  which  show  dis- 
tinctly a  mica-like  structure  and  cleavage  and  also  pseudo-hexagonal  symmetry. 

1.  Mica  Group.     Monoclinic. 

Mnsoovite  Potassium  Mica  H,KAl,(SiO,), 

a:t:i  =  0-57735  :  1  :  3  3128      /3  =  89°  54' 
Paragonite         Sodium  Mica  H,NaAl,(SiO,\ 

LepidoUte  Lithium  Mica  KLi[Al(OH,F)jAl(SiO,),  pt. 

Zinnwaldite       Lithium-iron  Mica 

n  m 

Biotite  Magnesium-iron  Mica    (H.K)/Mg,Fe),(Al,Fe),(SiO,),  pt. 

a:$  :i  =  0  57735  :  1  :  3*2743       /3  =  90°  0' 
Phlogopite  (H,K,(MgF)  ),Mg.Al(SiO,). 

Magnesium  Mica;  usually  containing  fluorine,  nearly  free  from  iron. 
Lepidomelane  Annite 

Iron  Micas.     Contain  ferric  iron  in  large  amount. 

The  species  of  the  Mica  Group  crystallize  in  the  monoclinic  system,  but 
with  a  close  approximation  to  either  rhombohedral  or  orthorhombic  symmetry; 
the  plane  angles  of  the  base  are  in  all  cases  60°  or  120".     They  are  all  chiEurac- 
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terized  by  highly  perfect  basal  cleavage,  yielding  very  thin,  tough,  and  more 
or  less  ehistic  hitninse.  The  negative  bisectrix,  a,  is  very  nearly  normal  to  the 
basal  plane,  varying  at  most  but  a  few  degrees  from  this;  hence  a  cleavage 
plate  shows  the  axial  interference-figure,  which  for  the  pseudo-rhombohedral 
kinds  is  often  uniaxial  or  nearly  uniaxial.  Of  the  species  named  above,  biotite 
has  usually  a  very  small  axial  angle,  and  is  often  sensibly  unaxial;  the  axial 
angle  of  phlogopite  is  also  small,  usually  10°  to  12°;  for  muscovite,  para- 
gonite,  lepitlolite  the  angle  is  large,  in  air  commonly  from  50°  to  70°. 

The  Micas  may  be  referred  to  the  same  fundamental  axial  ratio  with  an 
angle  of  obliquity  differing  but  little  from  90°;  they  show  to  a  considerable 
extent  the  same  forms,  and  their  isomorphism  is  further  indicated  by  theirnot 
infrequent  intercrystallization  in  parallel  position,  as  biotite  with  muscovite, 
lepidolite  with  muscovite,  etc. 

A  blow  with  a  somewhat  dull -pointed  instrument  on  a  cleavage  plate  of 
mica  develops  in  all  the  species  a  siX'Tayed  percussion-figure  (Fig.  901,  also 
Fig.  477,  p.   149),  two  lines  of  which  are  nearly  parallel  to  the  prismatic 

edges;  the  third,  which  is  the  most  strongly  cnaracter- 
ized  (Leitstrahl  Germ.),  is  parallel  to  the  clinopinacoid 
or  plane  of  symmetry.  The  micas  are  often  divided 
into  two  classes,  according  to  the  position  of  the  plane 
of  the  optic  axes.  In  the  Jirst  class  belong  those  kinds 
for  which  the  optic  axial  plane  is  normal  to  b  (010),  the 
plane  of  symmetry  (Fig.  901);  in  the  second  class  the 
axial  plane  is  parallel  to  the  plane  of  symmetry.  The 
percussion -figure  serves  to  fix  the  crystallographic 
orientation  when  crystalline  faces  are  viranting.  A 
second  series  of  lines  at  right  angles  to  those  men- 
tioned may  be  more  or  less  distinctly  developed  by 
pressure  of  a  dull  point  on  an  elastic  surface,  forming  the  so-called  pressure- 
figure;  this  is  sometimes  six-rayetl,  more  often  shows  three  branches  only,  and 
sometimes  only  two  are  developed.  In  Fig.  901  the  position  of  the  pressure- 
figure  is  indicated  by  the  dotted  lines.  These  lines  are  connected  with  gliding- 
planes  inclined  some  67°  to  the  plane  of  cleavage  (see  beyond). 

The  micas  of  the  fo'st  class  include:  Muscovite,  paragonite,  lepidolite,  also 
some  rare  varieties  of  biotite  called  anomite. 

The  second  class  embraces  :  Zinnwaldite  and  most  biotite,  including 
lepidomelano  and  phlogopite. 

Chemically  considered,  the  micas  are  silicates,  and  in  most  cases  ortliosili- 
cates,  of  aluminium  with  potassium  and  hydrogen,  also  often  magnesium, 
ferrous  iron,  and  in  certain  cases  ferric  iron,  sodium,  lithium  (rarely  rubidium 
and  caesium);  further,  rarely,  barium,  manganese,  chromium.  Fluorine  is 
prominent  in  some  species,  and  titanium  is  also  sometimes  present.  Other 
elements  (boron,  etc.)  may  be  present  in  traces.  All  micas  yield  water  upon 
ignition  in  consequence  of  the  hydrogen  (or  hydroxyl)  which  they  contain. 


MtJSCOVmi.     Common  Mica.    Potash  Mica.    Kaliglimmer  Oerm, 

Monoclinic.     Axes  d:t:d  =  0-57735  :  1  :  3-3128;  /?  =  89°  54'. 

Twins  common  according  to  the  mica-law :  tw.  plane  a  plane  in  the  zone 
cAf  normal  to  c,  the  crystals  often  united  by  c.  Crystals  rhombic  or  hexagonal 
in  outline  with  plane  angles  of  60''  or  120°.  Habit  tabular,  passing  into  taper- 
ing forms  with  planes  more  or  less  rough  and  strongly  striated  horizontally; 
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Ticiiial  forms  common.  Folia  often  very  small  and  aggregated  in  stellate, 
plumose,  or  globular  forms;  or  in  scales,  and  scaly  massive;  also  crypto- 
crystalline  and  compact  massive. 

Cleavage:  basal,  eminent.     Also  planes  of  secondary  cleavage  as  shown  in 
the  percussion-figure  (see  pp.  464  and  149);  natural  plates  hence  often  yield 
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narrow  strips  or  thin  fibers  ||  axis  b,  and  less  distinct  in  directions  inclined  60^ 
to  this.  Thin  laminae  flexible  and  elastic  when  bent,  very  tough,  harsh  to  the 
touch,  passing  into  kinds  which  are  less  elastic  and  have  a  more  or  less: 
unctuous  or  talc-like  feel.  Etching-figures  on  c  monoclinic  in  symmetry 
(Fig.  481,  p.  150). 

H.  =  2"Z-b,  G.  =  2'76-3.  Luster  vitreous  to  more  or  less  pearly  or 
silky.  Colorless,  gray,  brown,  hair-brown,  pale  green,  and  violet,  yellow, 
dark  olive-green,  rarely  rose-red.  Streak  uncolored.  Transparent  to  trans- 
lucent. 

Pleochroism  usually  feeble;  distinct  in  some  deep  colored  varieties  (see 
beyond).  Absorption  in  the  direction  normal  to  the  cleavage  plane  (vibra- 
tions I  b,  c)  strong,  much  more  so  than  transversely  (vibrations  ||  a);  hence  a 
crystal  unless  thin  is  nearly  or  quite  opaque  in  the  nrst  direction  though  trans- 
lucent through  the  prism.  Optically  — .  Ax.  pi.  _L  b  and  nearly  _L  c  Bx» 
(=  a)  inclined  about  —  1®  (behind)  to  a  normal  to  c.  Dispersion  p  >  v. 
Axial  anMe  variable,  usually  about  70^,  but  diminishing  to  50°  in  kinds 
(phengite)  relatively  high  in  silica.  Birefringence  rather  high,  y  —  a  =• 
0-039;  pj  =  1-5941. 

Var. — 1.  Ordinary  Muscovite.  In  crystals  as  above  described,  ofien  tabular  |  c,  also 
tapedng  with  vertical  faces  rough  and  striated;  tlie  basal  plane  often  rough  unless  as  devel- 
oped by  cleavage.  More  commonly  in  plates  without  distinct  outline,  except  as  developed 
by  pressure  (see  above);  the  plates  sometimes  very  large,  but  passing  into  tine  scales, 
arranged  in  plumose  or  other  forms.  In  normal  muscovite  the  thin  laniina*  spring  buck 
with  force  when  bent,  the  scales  are  more  or  less  harsh  to  tbe  touch,  unless  very  small,  and 
a  pearly  luster  is  seldom  prominent.  .'- 

2.  Damourite.  Including  margarodite,  giUhertite,  hpdro-muscotite,  auTl  most  htdro- 
MiCA  in  general.  Folia  less  elastic  ;  luster  somewhat  pearly  or  silky  and  feel  unctuous  like 
talc.  The  scales  are  usually  small  and  it  pusses  into  forms  which  are  fine  sciily  or  fibrous, 
as  sericite,  and  finally  into  the  compact  crypto  crystalline  kinds  called  oncdttine.  including 
much  pinite.  Axial  angle  for  damourite  cliiefly  from  60*  to  70**.  Often  deiived  by  alter- 
ation of  cyanite,  topaz,  corundum,  etc.  Although  often  spoken  of  as  hydrous  micas,  it  does 
not  appear  that  damourite  and  the  allied  varieties  necessarily  contain  more  water  than 
ordinary  muscovite;  they  may,  however,  give  it  off  more  re:idily. 

Margarodite,  as  originally  named,  was  the  talc-like  mica  of  Mt.  Grdiier  in  the  Zillerthal; 
granular  to  scaly  in  structure,  luster  i>early,  color  grayish  white.  GilbeitiU  occurs  in 
whitish,  silky  forms  from  the  tin  mine  of  St.  Austell,  Cornwall.  Sericite  is  a  fine  scaly 
muscovite  united  in  fibrous  aggregates  and  characterized  by  its  silky  luster  (hence  the  name 
from  atjftiKo^^  silky. 

Gomp.,  Tar. — For  the  most  part  an  orthosilicate  of  nluniiniiim  and  potas- 
sium (H,K)AlSiO^.  If,  as  in  the  oommoti  kinds,  II  :  K  =  2  :  1,  this  becomes 
H,KAl,(SiOJ,  =  2H,O.K,0.3Al,0,.6SiO,  =  Silica  45-2,  alumina  38  5,  potash 
11-8,  water  4-5  =  100. 
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Some  kinds  ^ve  a  larger  amount  of  silica  (47  to  49  p.  c.)  than  corresponds  to  a  iiormal 
orthosilicate,  and  they  liave  been  called  pfiengite.  As  shown  by  Clarke,  these  acid  mus- 
covites  can  be  most  simply  regarded  ns  molecular  mixtures  of  HaEA.1s(SiO«)s  and 
H,EA1,(S!.0.),. 

Iron  is  usually  present  in  small  amount  only.  Barium  is  rarely  present,  as  in  oellftckeriie, 
G.  =  2*8S-2'99.  Chromium  is  also  present  in  fuc?istte  from  Schwarzenstein,  ZlUerthal,  and 
elsewhere. 

Pyr.,  etc. — In  the  closed  tube  gives  water,  which  with  Brazil-wood  often  reacts  for 
fluorine.  B.B.  whitens  and  fuses  on  the  thin  edges  (F.  =  5*7,  v.  Kobell)  to  a  gray  or  yellow 
ffloAs.  With  fluxes  gives  reuciioiis  for  irun  and  soineiimes  manganese,  rarely  chromium. 
Not  decomposed  by  acids.     Decom)x>S(d  on  fusion  with  alkaline  carbonates. 

Diff.— Distinguished  in  normal  kinds  from  all  but  the  si>ecies  of  this  division  by  the  per- 
fect basal  cleavage  and  micaceous  structure,  the  pale  color  sepaiates  it  from  most  liiotiie;  the 
lamiuie  are  more  flexible  and  elastic  than  those  of  phlogopiie  and  still  more  than  tboae  of 
the  brittle  micas  and  the  chlorites. 

In  thin  sections  recognized  by  want  of  color  and  by  the  perfect  cleavage  shown  by 
flne  lines  (as  in  Fig.  907,  p  844)  iu  sections  i  <;,  in  a  direction  parallel  to  e.  By  reflected 
light  under  the  microscope  the  siune  sections  show  a  peculiar  mottled  surface  with  satin-like 
luster;  birefringence  rather  high,  hi'uce  interference-colors  bright. 

Obs. — Muscovite  is  the  most  common  of  the  micas.  It  is  an  essential  constituent  of 
mica  schist  and  related  rocks,  and  is  a  prominent  component  of  certain  common  varieties 
of  granite  and  gneiss;  also  found  at  timers  in  fragmcutal  rocks  and  limestones;,  iu  volcanic 
rocks  it  is  rare  and  appears  only  as  n  secondary  proiliicl.  The  largest  and  best  developed 
crystals  occur  in  the  pegmatite  dikes  associated  with  granitic  intrusions,  either  directly 
cutting  the  granite  or  in  its  vicinity.  Often  in  such  occurrences  in  enormous  plates  from 
which  the  mica  or  "  isinglass  "  of  commerce  is  obtained.  It  is  then  often  associated  with 
crystallized  orthocluse,  quartz,  nlbite;  also  apatite,  tourmaline,  raimet,  beryl,  cohimbite. 
etc.,  and  other  mineral  species  chnracterislic  of  granitic  veins.  Further,  muscovlte  often 
encloses  flattened  crystals  of  garnet,  tourmaline,  aUo  quartz  in  thin  plates  between  the 
sheets;  further  not  infrequently  magnetite  in  dendrite-like  forms  following  in  part  the 
directions  of  the  perctission-tigure. 

Some  of  the  best  known  localities,  arc:  AbUhl  iu  the  Sulzbachthal,  with  adularia; 
Rothenkopf  in  the  Zillerthul,  Tyrol;  Soboih,  Styria;  St.  Gotbard,  Binneiithal,  and  else- 
where in  Switzerland;  Mourne  Mts.,  Ireland;  Cornwall;  Ut(),  Falun,  Sweden ;«Skuttenid, 
Norway.     Obtained  in  large  plates  from  Greenland  and  the  East  Indies. 

In  Maine,  at  Mount  Mica  in  the  town  of  Paiis;  at  Buckfield.  in  fine  crystals.  In  N. 
Hamp.,  at  Ac  worth,  Grafton.  In  Mass.,  at  Chesterfield;  South  Ro3'alst  on;  at  Goshen,  rose- 
red.  In  Conn.,  at  Monroe;  at  Litchfield,  with  cyanite;  at  the  Middletown  feldspar  quarry; 
at  Iladdani;  ai  Brauchville.  with  albite.  etc.;  New  Milford.  In  N,  York,  near  Warwick; 
Edenville;  Edwards.  In  Penn.,  at  Pennsbury,  Chester  Co  ;  at  Unionville,  Delaware  Co.. 
and  at  Micld  letown  In  Maryland,  at  Jones's  ftills,  Baltimore.  In  Virginia,  at  Amelia  Court- 
Ilouse.  In  No.  Carolina,  extensively  mined  at  many  places  in  the  western  part  of  the  state; 
the  chief  mines  are  in  Mitchell,  Yancev,  Jackson  and  Macon  Cos.  The  mica  mines  have 
also  alforded  many  rare  species,  as  columbite,  samarskite,  hatchettolite,  uraninite,  etc.;  in 
goo;l  crystals  in  Alexander  Co.  In  S.  Carolina,  there  are  also  muscovite  deposits;  also  in 
Geort^ia  and  Alabama. 

Mica  mines  have  also  been  worked  to  some  extent  in  the  Black  Hills,  South  Dakota;  in 
Washington,  at  liockford.  Spokane  Co.:  in  Colorado. 

MuHoovite  is  named  from  Vitrum  Muicoviticum  or  Muscovy-glass,  formerly  a  popular 
name  of  the  mineral. 

Finite.  A  general  term  used  to  include  a  large  number  of  alteration -products  esprcinlly 
of  iolite.  also  spodumene,  nephelite.  scapolite.  feld-par  and  other  minerals.  In  compovi- 
tion  essentially  a  hydrous  silicate  of  aluminium  and  potassium  corres|X)nding  more  or  less 
closely  to  muscovite,  of  which  it  is  probablv  to  be  regarded  as  a  massive,  compact  variety, 
usually  very  impure  from  the  admixture  of  clay  and  other  substances.  Characters  ns  fol 
lows:  Amorphous;  granular  to  cryptocrystalline.  Rarel}'  a  snbmicaceous  deavairc  H.  *= 
2*5-3*5.  G.  =  2-6-285.  Luster  feeble,  waxy.  Color  grayish  white,  grayish  green,  pea- 
green,  dull  green,  brownish,  reddish.  Translucent  to  opaque.  The  following  are  some  of 
the  minerals  classed  as  pinite:  gigantolite,  gieseckite  (see  p.  3o5),  liebsneriU,  dytyntribife^ 
P'lrophite,  rosife,  polyargiie,  ioilsonite,  kiUiniU. 

Agalmatolite  (pagodite)  is  like  ordinary  massive  pinite  in  its  amorphous  compact  texture, 
luster,  and  other  physical  characters,  but  conUiins  more  silica,  which  may  be  from  free 
quartz  or  feldspar  as  impurity.  The  Chinese  has  H.  =  2-2*.');  G.  =  2 -785-2 -8 15.  Colors 
usually  grayish,  grayish  green,  brownish,  yellowish.     Named  from  ayaXficx,  an  imag^  ; 
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pagodUe  is  from  pagoda,  tfae  Cfainese  carving  the  soft  stOne  into  miniature  pagodas,  images, 
etc.  Part  of  tlie  so-called  agalmatolite  of  China  is  true  pinite  in  composition,  another  pari 
is  compact  pyrophyllite,  and  still  another  steatite  (see  these  species). 

Paragonite.  A  sodium  mica,  corresponding  to  muscovite  in  composition;  formula* 
HaNaAU  (Si04)i.  lu  fiue  pearly  scales;  also  compact.  Q.  =  2*78-2*90.  Color  yellowish, 
grayish,  greenish;  constitutes  the  mass  of  tli.e  rock  at  Monte  Campione  near  Faido  in  Canton 
Tessin,  Switzerland,  containing  cyanite  and  staurolite;  called  paragonite-schist.  Occurs 
associated  with  tourmaline  and  corundum  at  Uuionville,  Delaware  Co.,  Pa. 


liBPIDOIJTE.    Lithia  Mica.     Lithionglimmer  Oerm, 

In  aggregates  of  short  prisms,  often  with  rounded  terminal  faces.  Crya- 
tals  sometimes  twins  or  trillings  according  to  the  mica  law.  Also  in  cleavaole 
plates,  but  commonly  massive  scaly-granular,  coarse  or  fine. 

Cleavage:  basal,  highly  eminent.  H.  =  2*5-4.  G.  =  2 •8-2*9.  Luster 
pearly.  Color  rose-red,  violet-gray  or  lilac,  yellowish,  grayish  white,  white. 
Translucent.  Optically—.  Ax.  pi.  usually  X^;  rarely  J  ^.  BX|^(a)  inclined 
V  47'  red,  and  1  33^'  yellow  (Na)  to  normal  to  c.  Axial  angle  large,  from 
50°-72°,  p  =  1-5975. 

Comp.— In  part  a  metasilicate,  R,Al(SiO,),  or  KLi[Al(OH,F)JAl(SiO,),. 

The  ratio  of  fluorine  and  hydroxyl  is  variable.     The  following  are  analyses 

(Riggs): 

SiO,    A1,0,    FeaO,    FeO    MnO      K,0      Li,0    Na,0    H,0      F 

Paris.        50-92    24  99       0  80      023       ir.       11-88      420      211       196    6  29  =  102  88 

Hebron,   4880    28-80       029      009      008      12-21'     4*49      074       178    496 

[CaO,MgO  0-17  =  101-86 
•  With  0-77  (Rb.O»),0. 

Pyr.,  etc. — In  the  closed  tube  gives  water  and  reaction  for  fluorine.  B.B.  fuses  with 
intumescence  at  2-2*5  to  a  white  or  grayish  glass,  sometimes  magnetic,  coloring  the  flame 
purplish  re(I  at  the  moment  of  fusion  (lithia).  With  the  fluxes  some  varieties  give  reactioi»8 
for  iron  and  manganese.  Attacked  but  not  completely  decomposed  by  acids.  After 
fusion.  gL'latiiiizes  with  hydrochloric  acid. 

Obs. — Occurs  in  granite  and  gneiss,  especially  in  granitic  veins;  often  associated  with 
lithia.  touruialiue:  also  with  amblygonite,  spodumene, cassiterite,  etc.;  sometimes  associated 
with  muscovite  in  panillel  position. 

Found  near  Ut6  in  Sweden;  Penig.  Saxony;  Rozena  (or  Rozna),  Moravia,  etc.  In  the 
United  States,  common  in  the  western  part  of  Maine,  in  Hebron.  Auburn.  Paris,  etc.;  at 
Chesterfield,  Mass.;  Middletown.  Conn.;  with  rubellite  near  San  Diego.  Californin. 

Named  lepidolite  from  Xcnii,  scale,  after  the  earlier  German  name  Sehuppensteirit  allud- 
ing to  the  scaly  structure  of  the  massive  variety  of  Rozena. 

CooKEiTB  is  a  micaceous  mineral  occurring  in  rounded  aggrci;ations  on  rubellite,  also 
with  lepidolite,  tourmaline,  etc.,  at  Hebron,  Me.     Composition  Li[Al(OH)8]s(8iOi)». 

Zinnwaldite.  An  iron- lithia  mica  in  form  near  biotite.  Color  pale  violet,  yellow  !o 
brown  and  dark  gray.     Occurs  at  Zinnwald  and  Altenberg;  similarly  in  Cornwall. 

Cryophyllite  is  a  related  lithium  mica  from  Rockport,  Mass.  PolyliU^ianite  is  a  lithium 
mica  from  Kangerdluarsuk,  Greenland. 

BIOTITB. 

Monoclinic;  pseudo-rhombohedral.  Axes  a  :  J  :  (J  =  0*57735  : 1 :  3*2743; 
/?  =  90°. 

Habit  tabular  or  short  prismatic;  the  pyramidal  faces  often  repeated  in 
oscillatory  combination.  Crystals  often  apparently  rhombohedral  in  sym- 
metry since  r  (101)  and  z  (132),  z'  (l32),  which  are  inclined  to  c  at  sensibly  the 
same  angle,  often  occur  together;  further,  the  zones  to  which  these  faces 
belong  are  inclined  120°  to  each  other,  hence  the  hexagonal  outline  of  basal 
sections.     Twins,  according  to  the  mica  law,  tw.  pi.  a  plane  in  the  prismatic 
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zone  J.  r.     Often  in  disseminated  scales,  sometimes  in  massive  aggregations 
of  cleavable  scales. 


CO,    001  A  113  =  78'    r.  cr, 

cM,  001  A  221  =  85'  38'.  ez 


001  A  101  =  SO'*    0'. 
001  A  182  =  80'    0'. 


c^,    001  A  111  =  8r  19'.  MM\  221  A  221  =  59'  48^'. 


904. 


906. 


906. 


Cleavage:  basal,  highly  perfect;  planes  of  separation  shown  in  the  percus- 
sion-figure; also  gliding-planes  p  (205),  C  (135)  shown  in  the  pressure-figure 
inclined  about  66  to  c  and  yielding  pseudo-crystalline  forms  (Fig.  475, p.  148). 
H.  =  2'5-3.  G.  =  2*7-3'l.  Luster  splendent,  and  more  or  less  pearly  on  a 
cleavage  surface,  and  sometimes  submetallic  when  black;  lateral  surfaces 
vitreous  when  smooth  and  shining.  Colors  usually  green  to  black,  often  deep 
black  in  thick  crystals,  and  sometimes  even  in  thin  laminae,  unless  the  laminse 
are  very  thin;  such  thin  laminae  green,  blood-red,  or  brown  by  transmitted 
light;  also  pale  yellow  to  dark  brown;  rarely  white.  Streak  uncolored. 
Transparent  to  opaque. 

Pleochroism  strong;  absorption  b  =  c  nearly,  for  a  much  stronger.  Hence 
sections  ||  c  (001)  dark  green  or  brown  to  opaque;  those  JLc  lighter  and  deep 
brown  or  green  for  vibrations  ||  c,  pale  yellow,  green  or  red  for  vibrations  X  c. 
Pleochroic  halos  often  noted,  particularly  about  microscopic  inclusions.  Op- 
tically — .  Ax.  pi.  usually  [  h,  rarely  JL^.  Bx^  (=  a)  nearly  coincident  with 
the  normal  to  c,  but  inclined  about  half  a  degree,  sometimes  to  the  front, 
sometimes  the  reverse.  Axial  angle  usually  very  small,  and  often  sensibly 
uniaxial ;  also  up  to  50°.     Birefringence  high,  y  —  a  =^  0*04  to  006. 

Comp.,  Tar. — In  most  cases  an  orthosilicate,  chiefly  ranging  between 
(H,K),(Mg,Fe),(Al,Fe),(SiOJ,  and  (H,K),(Mg,Fe),Al.(SiO,),.  Of  these  the 
second  formula  may  be  said  to  represent  typical  biotite.  The  amount  of  iron 
varies  widely. 

Biotite  is  divided  iDto  two  classes  by  Tschermak: 

I.  Mekoxenk.  Axitd  plnoc  |  b.  II  Anomite.  Ax.  pi.  i  h.  Of  these  two  kinds, 
meroxenc  includes  Dearly  all  ordinary  biotite,  while  ADomite  is.  so  far  as  yet  observed,  of 
restricted  occurrence,  the  typical  lotalitit's  being  Greenwood  Furnace,  OraDge  Co.,  N.  Y., 
and  L.  BnikHl  in  £.  Siberia.  Merozene  is  a  Dame  early  given  to  the  Vesuvian  biotite. 
Anomite  is  from  aro//o5,  contrary  to  hiw. 

Haughtoniie  and  Siderophyllite  arc  kinds  of  biotite  containiog  much  iroD. 

MmignnophylUU  is  a  munganesiun  biotite.  Occurs  in  aggregations  of  thin  scales.  Color 
bronze-  to  coi)per-red.  Streak  pale  red.  From  Pajsberg  and  L&Dgban,  Sweden;  Pied- 
mont, Italy. 

Tht?  follow! nir  are  typical  analyses  of  biotite:  1,  by  Berwerth;  2,  by  Rammelsberg; 
;j.  by  Smith  and  Brush. 

RiO,    AUG,  Fe,0,    FeO    MgO    CnO  K,0  Nn,0   HtO      P 

1.  Vesuvius  39-80    16  95     048     845    2189    082  7-79    0*49    4  02    0*89 

[=  101  08 

2.  Minsk,  6/arA-  82-49     1234      656    2513      529       -     9  69    0  88    2  42    1-61 

[TiO,  4  08  =  100-84 
8.  ^n(?7//»7r'.  Greenwood  F.  39-88    1499     7-68       -      2369      -     911     112    ISO    0  95 

lC10  44=r99  16 
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907. 


a 
Section  i  e. 


Pyr.,  eto.-^In  the  closed  tube  gives  a  little  water.  Some  varieties  give  the  reaction  for 
fluoriue  in  the  open  tube;  some  kinds  give  little  or 
no  reaction  for  iron  witli  the  fluxes,  while  others 
give  strong  reactions  for  iron.  B.B.  wiiiteus  and 
fuses  on  the  thin  edges.  Completely  decomposed 
by  sulphuric  acid,  leaving  the  silica  in  thin  scales. 

Din. — Distinguished  by  its  dark  green  to  brown 
and  black  color  and  micaceous  structure,  usually 
nearly  uniaxial. 

Recognized  in  thin  sections  by  its  brown  (or 
green)  color;  strong  pleochroisui  and  strong  absorp- 
tion parallel  to  the  elongation  (unlike  tourmaline). 
Sections  |  e  are  nonpleochroic.  commonly  exhibit 
more  or  less  distinct  hexagonal  outlines  and  yield  a 
negative  sensibly  uniaxial  figure.  Sections  ±  c  are 
strongly  pleochroic  and  are  marked  by  fine  parallel 
cleavage  lines  (Fig.  907);  they  also  have  nearly  par- 
allel extinction,  and  show  high  polarization  colors; 
by  reflected  light  they  exhibit  a  peculiar  mottled  or 
watered  sheen  which  is  very  characteristic  and  aids  in  distinguishing  them  from  brown 
hornblende. 

Obs. — Biotite  is  an  important  constituent  of  many  different  kinds  of  igneous  rocks, 
especially  those  formed  from  magmas  containing  considerable  potash  and  magnesia. 
Common  in  certain  varieties  of  granites,  syenite,  diorite,  etc..  of  the  massive  granular  type; 
also  in  rhyolite,  trachyte,  and  andesite  among  the  lavas;  in  mineites,  kersautites,  etc.  It 
occurs  also  as  the  product  of  metamorphic  action  in  a  variety  of  rocks.  It  is  not  infre- 
quently associated  in  parallel  position  with  muscovite.  the  latter,  for  example,  forming  the 
outer  portions  of  plates  having  a  nucleus  of  biotite. 

Some  of  the  prominent  localities  of  crystallized  bioiite  are  as  follows:  Vesuvius,  com- 
mon particularly  in  ejected  limestone  masses  on  Monte  Somma,  with  augite,  chrysolite, 
uephelite,  humite,  etc.  The  crystah  are  sometimes  nearly  colorless  or  yellow  and  then 
usually  complex  in  form;  also  dark  green  to  black*.  Mt.  Monzoni  in  the  Fassathal :  Schwarz- 
enstein.  Zilhrtbal:  liezbdnya  and  Morawilza  in  Hungary;  Schelingen  and  other  points  in 
the  Kaiserstuhl;  the  Laacher  See;  on  the  west  side  of  L.  llmen  near  Miask,  etc. 

In  the  United  States  ordinary  biotite  is  common  in  granite,  gneiss,  etc.;  but  notable 
localities  of  distinct  crystals  are  not  numerous.  It  occurs  with  muscovite  (wh.  see)  as  a 
more  or  less  prominent  constituent  of  the  pegmatite  veins  in  the  New  England  States;  also 
Pennsylvania.  Virginia,  North  Carolina.     ISideraphyllite  is  from  the  Pike's  Peak  region. 

Ca8W£LL1T£.     An  altered  biotite  from  Franklin  Furnace.  N.  J. 


PHLOOOPITB.  . 

Monoclitiic.  In  form  and  angles  near  biotite.  Crystals  prismatic,  tapering; 
often  large  and  coarse;  in  scales  and  plates. 

Cleaviige:  basal,  highly  eminent.  Thin  laminae  tough  and  elastic.  H.  = 
•?  5-3.  G.  =  2  78-2 '85.  Luster  pearly,  often  submetallic  on  cleavage  surface. 
Color  yellowish  brown  to  brownish  red,  with  often  something  of  a  copper-like 
reflection ;  also  pale  brownish  yellow,  green,  white,  colorless.  Often  exhibits 
asterism  in  transmitted  light,  due  to  regularly  arranged  inclusions.  Pleochroism 
distinct  in  colored  varieties:  c  brownish  red,  b  brownish  green,  a  yellow. 
Absorption  c  >  b  >  a,  Burgess.  Optically  — .  Ax.  pi.  |  h.  Bx»  nearly  JL  c. 
Axial  angle  (2E)  small  but  variable  even  in  the  same  specimen,  from  0°  to  17"* 
25'  for  red.  Dispersion  p  <  r.  The  axial  angle  appears  to  increase  with  the 
amount  of  iron. 

A  magnesium  mica,  near  biotite,  but  containing  little  iron;  potassium  is 

prominent  as  in  all  the  micas,  and  in  most  cases  fluorine.    Typical  phlogopite, 

I  I 

according  to  Clarke,  is  R,Mg,Al(SiOJ,,  where  R  =  H,K,MgF.     Analyses:  1 

by  Peufield;  2  by  Clarke  and  Schneider. 


470  DESCRIPTIVE  MINERALOGY. 

SiO,    A1,0,  Fe,0,  FeO     MgO    BaO    K,0  Na,0    H,0     F 
Edwards       2792    |  44»1  1U«7    —    OSl  28  90    —    8-4U  0-4tf*  5*42   —    ign  (IW)  0-96 

[=  10U18 
Burgess  89*66  17  00  0*27  0*20  26*49  0*62  9*97  0*60   2*99  2*24  Ti,0  0  5tf 

[=  100  6C 
•  Wiih  008  Ll,0. 

Obs. — Phlogopite  is  e8i)eciiilly  cbtirncteristic  of  crystal  line  limestone  or  dolomite.  It  is 
ofteu  associated  with  p^roxeue.  nmphibole,  serpeuiine,  etc.  Thus  as  at  Pargas,  Fiu- 
land;  in  St.  Lawrence  Co.  and  Juffersuu  Co.,  N.  Y.;  also  Burgess,  Ontario,  and  elsewhere 
in  Canada. 

Named  from  (pXi  yoanoi,  fire  like,  in  allusion  to  Ibe  color. 

The  ASterism  of  pn.ogopite,  seen  wbtn  a  candle-tlanie  is  viewed  tbrougb  a  tbin  sheet,  is 
a  common  cbanictei\  particularly  prominent  in  tbe  kinds  from  nortbern  New  York  and 
Canada.  It  has  been  sbown  to  be  duu  to  niinuie  aciculur  inclusions,  rutile  or  tourmaline, 
arranged  cbiefly  in  tbe  direction  of  ibe  rays  of  ibt*  pressurc-tigure,  producing  a  distinct  six- 
rayed  star;  also  parallel  to  tbe  lines  of  tbe  percussion-tigure,  giving  u  secondary  star,  usually 
less  prominent  tban  tbe  otber. 

Lepidomelane.  Near  biotite,  but  cbanicterized  by  tbe  large  amount  of  ferric  iron 
present.  Annite  from  Cape  Ann,  Mass.,  belongs  bere.  In  small  six-sided  tabes,  or  an 
"ggregtite  of  nnnute  scales.  H.  =  3.  G.  =  3  0-8*2.  Color  black.  Witli  occasionally  a 
lecK  green  letlection. 

Alurgite.     A  manganese  mica  from  St.  Marcel.  Piedmont. 


RoBcoelite.     A  vanadium  ndca;  fr>rmula  doubtful.     In  minute  scales;  structure  mlca- 

)U8.      G. 

at  Granite 


ceous.     G.  =  2-92-2-94.     Color  clove-brown  to  greenisb  brown.     Occurs  at  tbe  gold  mine 
ite  Creek,  El  Dorado  Co.,  California. 


2.  Cliutonite  Group.     Monoclinic. 

The  minerals  here  included  are  sometimes  called  the  Brittle  Micas.  They 
are  near  the  micas  in  cleavage,  crystalline  form  and  optical  properties,  but  are 
marked  physically  by  the  brittleness  of  the  laminae,  and  cnemically  by  their 
basic  character. 

In  several  respects  they  form  a  transition  from  the  micas  proper  to  the 
chlorites.  Margarite,  or  calcium  mica,  is  a  basic  silicate  of  aluminium  and 
calcium,  while  Chloritoid  is  a  basic  silicate  of  aluminium  and  ferrous  iron 
{with  magnesium),  like  the  chlorites. 


liSARGARrriS.     Ealkglimmcr  Germ. 

Monoclinic.  Rarely  in  distinct  crystals.  Usually  in  intersecting  or 
aggregated  laminae;  sometimes  massive,  with  a  scaly  structure. 

Cleavage:  basal,  perfect.  Laminse  rather  brittle.  H.  =  3 •5-4*5.  G.  = 
2*99-3*08.  Luster  of  base  pearly,  of  lateral  faces  vitreous.  Color  grayish, 
reddish  white,  pink,  yellowish.     Translucent,  subtranslucent. 

Optically  — .  Ax.  pi.  JL  h,  Bx^  approximately  J_  c,  but  varying  more 
widely  than  the  ordinary  micas,  a  c  =  +  6^°.  Dispersion  p  <  v.  Axial 
an^le  large,  from  100**  to  120'^  in  air.     Refractive  index  /3  =  1*G4-1*65. 

"Comp.  —  H,CaAl,Si,0„  =  Silica  30*2,  alumina  51-3,  lime  14*0,  water 
4-5  =  100. 

P3n:.,  etc.— Yields  water  in  tbe  closed  tube.  B.B.  wbitcns  and  fuses  on  the  edges. 
Slowly  and  imperfectly  decomposed  by  boiling  bydrocbloric  acid. 

Obs. — Associated  commonly  wiib  corundum.  an<l  in  many  cases  obviously  formed 
directly  from  it;  Ibus  at  tbe  emery  deposits  of  Gumucb-dagb  in  Asia  Minor,  tbe  islands 
Naxos.  Nicaria,  etc.  Ocd  -s  in  cblorite  of  Mt.  Greiner,  Sterzing,  Tyrol.  In  the  U.  8.,  at 
the  emery  mine  at  Cheste.    Mass.;  at  Uuionville,  Chester  Co.,  Pa.;  with  corundum  in 
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Madison  Co.  and  elsewhere  io  Nortb  Carolina;  at  Gainesville,  Hall  Co  ,  Georgia;  at  Dudley- 
viDe,  Alabama. 

Mauied  MargariU  from  jitapyafjirr/S,  pearL 

SBYBBRTITB.    Clintonite.    Brandisite. 

MonocIiniCy  near  biotite  in  form.  Also  foliated  massive;  sometimes 
lamellar  radiate. 

Cleavage:  basal,  perfect.  Structure  foliated,  micaceous.  Laminae  brittle. 
Percussion-  and  pressure-figures,  as  with  mica.  H.  =  4-5.  G.  =  3-31.  Luster 
pearly  submetallic.  Color  reddish  brown,  yellowish,  copper-red.  Streak 
uncolored,  or  slightly  yellowish  or  grayish.  Pleochroism  rather  feeble.  Opti- 
cally — .  Ax.  pi.  JL  0  seybertite;  ||  b  brandisite,  Bx»  nearly  _L  c.  Axial  angles 
variable,  but  not  large.     Birefringence  high. 

Var. — 1.  The  Amity  Myhertite  (clintonite)  is  in  reddish-brown  to  copper- red  briltle 
foliated  masses;  the  surfaces  of  the  folia  often  marked  with  equilateral  tiiang.es  lilce  some 
mica  and  clilorite.     Axiul  angle  S'^-l^^. 

2.  Branduite  iduterrite),  from  the  Fassatbal,  Tyrol,  is  in  hexagonal  pdsms  of  a  yellowish- 
green  or  leek-green  color  to  reddish  gmy;  H.  =  6  of  base;  of  sides,  6-6*5.  Ax.  plane  |  6. 
Axiul  angle  15-30".     Some  of  it  pseuiiomorphous,  after  fassaite. 

Comp.— In  part  H,(Mg,Ca).Al,Si,0„  =  3H,O.10(Mg,Ca)O.5Al,O,.4SiO,. 

Pyr.,  etc. — Yields  water.  B.B.  infusible  alone,  but  whitens.  In  powder  acted  on  by 
concentrated  acids. 

Obs. — tieyhertite  occurs  at  Amity,  N.  Y.,  in  limestone  with  serpentine,  nssociated  with 
amphibole.  spinel,  pyroxene,  graphite,  etc.;  also  a  chlorite  neai  Uuchtenbervite.  Brandisite 
occurs  on  Mt.  Monzoni  in  the  Fussathal,  1  yrol,  in  white  limestone,  with  fassaite  and  blac  k 
spinel. 

Xanthophyllite.  Prrbnps  HN(Mg.CH)i4Alie8i»0»9-  The  original  xanthaphyllite  is  in 
crusts  or  in  implanted  globular  forms.  Optically  negative.  Ax.  angle  usually  very  small, 
or  sensibly  uniaxial;  sometimes  20*.     From  near  Zlatou(^t  in  the  Ural. 

Wnlwrnte  is  tiie  same  sp<'cie»  occurring  in  distinct  pseud o-rliombohedral  crystals.  Folia 
brittle.  H.  =  4*6.  G.  =  8  0J)3.  Luster  vitreous;  on  cleavage  plane  pearly.  Color  leek- 
lo  bottle- LM-een.  Transparent  to  transluctnt.  Pleochroism  rather  feeble :  *|  ^  fine  green; 
1  h  reddish  brown.  Optlcjilly  — .  Ax.  pi  jj  h.  Bx  sensibly  j.  e.  'iE  =  i0'*-40°.  Axial 
angle  17"  to  82**.  Found  with  pcrovskite  ancl  other  species  in  chloritic  scliists  ni  ar  Achma- 
lovsk,  in  the  southern  Ural. 

CHLORTTOID.     Chloritspath.     Ottreliie.     Phyllite. 

Probably  triclinic.  Rarely  in  distinct  tabular  crystals,  usually  hexagonal 
in  outline,  often  twinned  with  the  individuals  turned  in  azimuth  120°  to  each 
other.  Crystals  grouped  in  rosettes.  Usually  coarsely  foliated  massive;  folia 
often  curved  or  bent;  and  brittle;  also  in  thin  scales  or  small  plates  dissemin- 
ated through  the  containing  rock. 

Cleavage:  basal,  hut  loss  perfect  than  with  the  micas;  also  imperfect  parallel 
to  planes  inclined  to  the  base  nearly  90°  and  to  each  other  about  tiO°;  b  diffi- 
cult. Laminae  brittle.  H.  =  6*5.  6.  =  3'52-3-57.  Color  dark  gray,  greenish 
gray,  greenish  black,  grayish  black,  often  grass-green  in  very  tliin  plates. 
Streak  uncolored,  or  grayish,  or  very  slightly  greenish.  Luster  of  surface  of 
cleavage  somewhat  pearly. 

Pleochroism  strong:  c  yellow  green,  b  indigo-blue,  a  olive-green.  Optically 
4-.  Ax.  pi.  nearly  ||  b,  Bxa  inclined  about  12°  or  more  to  the  normal  to  c  (001). 
Dispersion  p  >  v,  large,  also  horizontal.  Axial  angles  large,  in  air  100°  to 
118  .     Birefringence  low,  y  —  a  =  0*015. 

Comp.— For  chloritoid  H,(Fe,Mg)Al,SiO,.  If  iron  alone  is  present,  this 
requires:  Silica  23'8,  alumina  40*5,  iron  protoxide  28-5,  water  7*2  =  100. 
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DifL — Reoo^ized  bj  the  crjsliil  outlioes  and  geoerml  micmoeoas  appeanuice:  high  relief; 
greeD  colore;  dutiuct  cleavage:  frequent  iwioning;  strong  pbleocbroism  aud  low  ioierfer- 
euce-colors.  By  the  last  cbaracier  readily  distiuguisbed  from  tbe  niicaa;  also  by  the  bigh 
relief  and  extinction  oblique  to  tbe  cleavage  from  the  chlorites. 

Oba. — Chloritoid  (ottreliie.  etc.)  are  characteristic  of  scfdimentary  rocks  which  have  suf- 
fered dyuauiic  meiamorpbism,  especially  in  tbe  earlier  stages;  thus  found  in  argilliies.  con- 
glomenites.  etc.,  which  have  a&>uuie<l  tbe  schistose  condition.  With  more  advauoed  degree 
of  metamorpbism  it  disappeare.  Often  grouped  in  fan-shaped,  sheaf-like  forma,  alio  in 
irregular  or  rf>uude<l  grains. 

The  original  eJilaritoid  from  Kosoibrrxl,  uenr  Eknterinburg  in  the  Ural,  is  in  large  carv- 
ing laminae  or  plates,  grayish  to  blackish  green  in  color,  often  spotted  with  yellow  from 
mixture  with  limonite.  Other  localities  are  He  le  Groix  (Morbihan);  embedded  in  large 
crystals  at  Vanlup,  Shetland;  Ardennes  in  schists  with  ottrelite;  also  from  Upper  Michigan; 
Leeds.  Cana^la,  etc. 

QUmondine  {Y{i^YeTiL\iS\mO%^)  is  from  St.  Marcel;  it  occurs  also  with  glaucophane  at 
Zcrmiitt  in  tiie  Valais,  Switzerland,  and  elsewhere. 

SalmiU  is  a  mungunesiun  variety  occurring  in  irregular  masses,  having  a  coarse  aaccha- 
roidal  siniciure  and  grayish  color.     6.  =  3'&.     From  Vielsalm,  Belgium. 

McLtoniU,  from  Natic,  R.  I.,  is  in  very  broad  plates  of  u  dark  grayish-green  color,  but 
bluish  ereen  in  very  thin  laminae  parallel  to  c^  and  grayish  green  at  right  angles  to  thia; 
occurKiii  nrgillnceous  schist. 

Ottrelite  is  generally  classed  with  chloritoid.  though  it  is  not  certain  that  they  are  iden- 
tical; it  seems  to  have  the  com|>ositiou  H9(Pe.Mn)Al9Si90».  It  occurs  in  small,  oblong, 
sliininji;  scales  or  plates,  more  or  less  hexagonal  in  form  aud  gray  to  black  in  color;  in  argil- 
laceous schist  near  Ottrez,  on  the  borders  of  Luxembourg,  and  from  the  Ardennes:  also  near 
Serr.'ivezza.  Tuscany:  Tintagel  in  Cornwall.  VerKuquite  is  fmm  Venasque  in  the  Pyrenees^ 
aud  from  Teule.  Finist^re.     PhyUite  is  from  the  schists  of  New  England. 


3.  Chlorite  Group.     Monoclinic. 

The  Chlorite  Group  takes  its  name  from  the  fact  tliat  a  large  part  of  the 
minerals  included  in  it  are  cliaracterized  by  the  green  color  common  with  sili- 
cates in  which  ferrous  iron  is  prominent.  The  sj)ecies  are  in  many  respects 
closely  related  to  the  micas.  They  crystallize  in  the  monoclinic  system,  but 
in  part  with  distinct  monoclinic  symmetry,  in  part  with  rhombohedral  symme- 
try, with  corresponding  uniaxial  optical  character.  The  plane  angles  of  the 
base  are  also  60  or  120",  marking  the  mutual  inclinations  of  the  chief  zones 
of  forms.  The  mica-like  basal  cleavage  is  prominent  in  distinctly  crystallized 
forms,  but  the  laminae  are  tough  and  comparatively  inehistic  Percussion- 
and  pressure -figures  may  be  obtained  as  with  the  micas  and  have  the  same  ori- 
entation. The  etching-figures  are  in  general  monoclinic  in  symmetry,  in  part 
also  asymmetric,  suggesting  a  reference  to  the  triclinic  system. 

Chemically  considered  the  chlorites  are  silicates  of  aluminium  with  ferrous 
iron  and  magnesium  and  chemically  combined  water.  Ferric  iron  mav  he 
present  replacing  the  aluminium  in  small  amount;  chromium  enters  similarly 
m  some  forms,  which  are  then  usually  of  a  pink  instead  of  the  more  common 
green  color.  Manganese  replaces  the  ferrous  iron  in  a  few  cases.  Calcium 
and  alkalies — characteristic  of  all  the  true  micas — are  conspicuously  absent,  or 
present  only  in  small  amount. 

The  only  distinctly  crystallized  species  of  the  Chlorite  Group  are  Clinochlore 
and  Penninite.  These  seem  to  have  the  same  composition,  bnt  while  thn 
former  is  monoclinic  in  form  and  habit,  the  latter  is  pseudo-rhombohedral  and 
usually  uniaxial.  Prochlorite  (including  some  ripidolite)  and  Corundophilite 
also  occur  in  distinct  cleavage  masses. 

Besides  the  species  named  there  are  other  kinds  less  distinct  in  form,  occnr- 
ring  in  scales,  also  fibrous  to  massive  or  earthy;  they  are  often  of  more  or  less 
undetermined  composition,  but  in  many  cases,  because  of  their  extensive  occur- 
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rence,  of  considerable  geological  importance.  These  latter  forms  occur  as 
secondary  minerals  resulting  from  the  alteration  especially  of  ferro-magnesiau 
silicates,  such  as  biotite,  pyroxene,  amphibole;  also  garnet,  vesuvianite,  etc. 
They  are  often  accompanied  by  otiier  secondary  minerals,  as  serpentine,  limon- 
ite,  calcite,  etc.,  especially  in  the  altered  forms  of  basic  rocks. 

The  rock-making  chlorites  are  recognized  in  thin  sections  by  their  charac- 
teristic appearance  in  tiiin  leaves,  scales  or  fibers,  sometimes  aggregated  into 
spherulites;  by  their  greenish  color;  pleochroism;  extinction  parallel  to  the 
cleavage  (unlike  chloritoid  and  ottrelite);  low  relief  and  extremely  low  inter- 
ference-colors, which  frequently  exhibit  the  "  ultra-blue."  By  this  latter  char- 
acter they  are  readily  distinguished  from  the  micas,  which  they  strongly 
resemble  and  with  which  they  are  frequently  associated. 


CLINOOHLORB.     Ripidolite  pi. 

Monoclinic.    Axes:  a  :h:6  =  0*57735  :  1  :  2  2772;  /3  =  89°  40'. 
908.  909.  910. 


■^ 


Pfiisch. 


Schwarzenstein. 


Zillerthal. 


Crystals  usually  hexagonal  in  form,  often  tabular  H  c.  Plane  angles  of  the 
basal  section  =  60*^  or  120°,  and  since  closely  similar  angles  are  found  in  the 
zonen  which  are  separated  by  60°,  the  symmetry  approxi-  911. 

mates  to  that  of  the  rhombohedral  system. 

Twins:  (1)  Mica  law,  tw.  pi.  _L<Mn  the  zone  cw,; 
sometimes  contact-twins  with  c  as  comp.-face,  the  one  part 
revolved  (10°  or  a  multiple  of  60°  in  azimuth  with  refer- 
ence to  the  other;  also  in  threefold  twins.  (2)  Pennine 
ite  law,  tw.  pi.  c,  contact-twins  also  united  by  c  (Fi^.  910); 
here  corresponding  faces  differ  180°  in  position.  Massive, 
coarse  scaly  granular  to  fine  granular  and  earthy. 

Cleavage:  c  highly  perfect.  Laminae  flexible  tough,  and 
but  slightly  elastic.  Percussion-figure  and  pressure- 
figures  orientated  as  with  the  micas  (p.  464).  H.  =  2-2*5. 
Luster  of  cleavage-face  some  what  pearly.  Color  deep  grass-green 
to  olive-green;  pale  green  to  yellowish  and  white;  also  rose-red. 
Streak  greenish  white  to  uncolored.  Transparent  to  translucent.  Pleo- 
chroism not  strong,  for  green  varieties  usually  a  green,  c  yellow. 
Optically  usually  +.  Ax.  pi.  in  most  cases  ||  b.  Bx^  inclined  some- 
what to  the  normal  to  r,  forward  ;  for  Achmatovsk  2°  30'.  Dispersion 
p  <  V,  Axial  angles  variable,  even  in  the  same  crystal,  2E  =  20°-90°;  some- 
times sensibly  uniaxial.     Birefringence  low.     fi  =  1*588;  y  —  a  ■=  0*011. 

Var. — 1.  Ordinary:  preen  clinorhlore.  pfi«sinir  into  Muisli  (^reen;  (a)  in  crystals,  iis 
desorihed.  usimlly  with  distinct  monocliiiio  synnnefry:  (h)  foliutcd:  (e)  massive. 

rjeurhtenhfrgite.  Contains  usnnlly  little  or  no  iron.  Color  white,  pale  green,  yellowish; 
often  vespniblos  talc.     From  near  Zlatoust  in  »he  Ural. 

KoUehyheiU.  Contains  several  per  cent  nf  chromium  oxide.  Crystals  rhombohedral  in 
habit.     Color  rosered.     From  the  aouthern  Ural. 


Achmatovsk. 
G.  =  2-65-2-78. 
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Mdngantftroui.    MtiDgaiicblorite.    A  cliloHte  from  the  Haratig  mine  near  Pujsberg, 
fiwedeu,  is  peculiur  in  coutuiumg  2*3  p.  c.  MdO. 

Comp.— Normally  H,Mg.Al,Si,0„  =  4H,0.5MgO.Al,0,.3SiO,  =  Silica  325, 
alamina  18*4,  magnesia  36*1,  water  13*0  =  100.  Ferrous  iron  usually  replaces 
a  small  part  of  the  magnesia,  and  the  same  is  true  of  manganese  rarely;  some- 
times chromium  replaces  the  aluminium. 

Pyr.,  etc. — Yields  water.  B.B.  in  tlie  platinum  forceps  whitens  and  fuBes  with 
difficulty  on  the  edges  \o  a  grayish-black  gUiss.  With  borax,  a  clear  glass  colored  by  iron. 
and  sometimes  chromium.     In  sulphuric  acid  wholly  decomposed. 

Obs. — Occurs  in  connection  wiih  ctiloritic  and  talco^e  rocks  or  schists  and  serpentiDc; 
flomeiinies  in  panilkl  position  wilh  biotite  or  phlogopiie.  Prominent  localities  are:  Ach- 
matovsk  in  the  Ural;  Alain  Piedmont;  the  Zillerihal;  Zermatt,  Switzenand;  Murienberg, 
fiaxony;  Zopinu,  Moriivin.     A  nningime^inn  variety  occurs  at  Paj.sl)erg.  Sweden. 

In  the  U.  States.  n\  Wesichester.  Penn..  in  large  crystals  and  plates:  also  Unionville  and 
Texas,  Penn.;  at  the  niagneiic  iron  mine  at  Brewster,  N.  Y.,  in  part  changed  to  serpeotiDe. 

PENNINITE.     Pennine. 

Apparently  rhonibohedral  in  form  but  strictly  pseudo-rhombohed*'al  and 
monociinic 

Habit  rhon)bohedral:  sometimes  thick   tabular  with  c  prominent,  again 

steep  rhombohedral;   also  in  tapering 
^^^  ^^^'  six-sided     pyramids.      Rhombonedra! 

faces  often  horizontally  striated.  Crys- 
tals often  in  crested  groups.  Also 
massive,  consisting  of  an  aggregation 
of  scales;  also  compact  cryptocrystal- 
line. 

Cleavage:  6?  highly  perfect.   Laminae 
ipgjjjjg^  Zermatt.  flexible,     rercussion-ngure  and  press- 

ure-figure as  with  clinochlore  but  less 
easy  to  obtain;  not  elastic.  H,  =  2-2*5.  G.  =  2-6-2*85.  Luster  of  cleavage- 
surface  pearly;  of  lateral  plates  vitreous,  and  sometimes  brilliant.  Color  emer- 
ald- to  olive-green:  also  violet,  pink,  rose-red,  grayish  red:  occasionally  yellow- 
ish and  silver-white.  Transparent  to  su b translucent.  Pleochroism  distinct: 
usually  II  c  green :  _L  r  yellow.  Optically  +,  also  — ,  and  sometimes  both  in  adja- 
cent laminae  of  the  same  crystal.  Usually  sensibly  uniaxial,  but  sometimes  dis- 
tinctly biaxial  (occasionally  2E  =  61°)  and  both  in  the  same  section.  Some- 
times a  uniaxial  nucleus  while  the  border  is  biaxial  with  2E  =  36%  the  latter 
probably  to  be  referred  to  clinochlore.     Indices  1*576  and  1579  L6vy-Lcx. 

Var.— 1.  Penninite,  as  first  named,  included  a  green  crystallized  chlorite  from  Uie 
Penninine  Alps. 

KammereriU.  In  hexagonal  forms  bounded  by  8le<*p  six-sided  m^ramids.  Color 
kermes-red;  peach- blossom-red.  Pleochroism  distinct.  Optically  -  from  L.  Itkul,  Biacrsk, 
Perm.  Hussin;  -f  Texas,  Pa.  Uniaxial  or  biaxial  willi  axial  angle  up  to  20*.  Rhodo- 
phyllite  from  Texas.  Pa.,  and  rhodochrome  from  L.  Itkul  belong  here. 

Pseudop/iite  is  compact  massive,  without  cleavage,  and  resembles  serpentine. 

Comp. — Essentially  the  same  as  clinochlore,  H,(Mg,Fe),Al,Si,0„. 

Pyr.,  etc.— In  the  closed  tube  yields  water.  B.B.  exfoliates  somewhat  and  is  difficultly 
fusible.  With  the  fluxes  all  varieties  give  reactions  for  iron,  and  many  varieties  react  for 
chromium.     Partially  decomposed  by  hydrochloric  and  completely  by  sulphuric  acid. 

Obs. — Occurs  with  serpentine  in  the  region  of  Zermatt,  Valals,  near  Mt.  Rosa,  especially 
in  the  moniines  of  the  Findelen  glacier;  crystals  from  Zermatt  are  sometimes  2  in.  long  and 
1^  in.  thick:  also  at  the  foot  of  the  Simplon;  at  Ala,  Piedmont,  with  clinochlore;  at 
adivvjirzen stein  in  Tyrol;  at  Taberg  in  Wermland:  at  Snarum,  greenish  and  foliated. 

KiimmereHU  is  found  at  the  localities  already  mentioned;  also  near  Miask  in  the  Ural; 
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at  Haroldswick  io  Unst,  Shetland  Isles.  In  large  crystals  enclosed  in  the  talc  in  crevices  of 
the  chromite  from  Eraubat,  Styria.  Abundant  at  Texas,  Lancaster  Co.,  Pa.,  along  with 
clinocblore,  some  crystals  being  embedded  iu  clinochlore,  or  the  reverse.  Also  in  N.  Caro- 
lina, with  chromite  at  Ciilsagee,  Macon  Co. ;  Webster,  Jackson  Co. ;  and  other  points. 

PROOHLORITE.    Ripidolite  pt. 

Monoclinic.  In  siz-sidod  tables  or  prisms,  the  side  planes  strongly  furrowed 
and  dull.  Crystals  often  implanted  by  their  sides,  and  in  divergent  groups, 
fan-shaped,  vermicular,  or  spheroidal.  Also  in  large  folia.  Massive,  foliated, 
or  granular. 

H.  =  1-2.  Q.  =  2'78r-2  96.  Translucent  to  opaque;  transparent  only  in 
very  thin  folia.  Luster  of  cleavage  surface  feebly  pearly.  Color  green,  grass- 
green,  olive-green,  blackish  green;  across  the  axis  oy  transmitted  light  some- 
times red.  Streak  uncolored  or  greenish.  Laminae  dexible,  not  elastic. 
Pleocliroism  distinct.  Optically  -f~  i'^  most  cases.  Bx  inclined  to  the  normal 
to  c  some  2"^.  Axial  angle  small,  often  nearly  uniaxial;  again  2E  =  23° — 30^ 
Dispersion  p  <v, 

Comp. — Lower  in  silicon  than  clinochlore,  and  with  ferrous  iron  usually, 
but  not  always,  in  large  amount.     Analysis  by  Egger: 

SiO,         A1,0,         Fe,0,  FeO  MgO         CaO         H,0 

Zillerthal  26  02  2016  1*07  2808         15*50  0*44         9  65  =  100*92 

« 

Obs.— Like  other  cblorltes  in  modes  of  occurrence.  Sometimes  in  implanted  crystals, 
ns  at  St.  Gnthard,  enveloping  often  adularin,  etc.;  Mt.  Greiner  in  the  zillerthal,  Tyrol; 
Kauris  in  Salzburg;  Tniversellii  in  Piedmont;  at  Mtn.  Sept  Lacs  and  St.  Cristophe  iu 
Diiuphine;  in  Siyriu.  Bohemia.  Also  massive  in  Cornwall,  iu  tin  veins;  at  Arendnl  iu 
Norway;  Stilberg  and  Danuemora.  Sweden;  Doguacska,  Hunjorary.  Occasionally  formed 
from  aniphil)ole.  In  Scotland  at  various  points.  In  the  U.  States,  near  Washington;  on 
Castle  Mt..  Batesville,  Va.,  a  massive  form  resembling  soapstone,  color  grayish  green,  feel 
greasy;  Steele's  mine,  Montgomery  Co..  N.  C. ;  also  with  corundum  at  the  Culsagee  mine, 
m  broad  plates  of  a  dark  green  color  and  line  scaly;  it  differs  from  ordinary  prochlorite  in 
the  small  amount  of  ferrous  iron. 

Corundophilite.  A  chlorite  occurring  in  deep  green  laminse  resembling  clinochlore  but 
more  britiie;  contains  but  34  p.  c.  SiOa.     Occurs  with  corundum  at  Chester,  Mass. 

AiCBSiTV.  H4(Mg,Fe)«Al«SiO0.  Silica  21*4  p.  c.  In  hexagonal  plates,  foliated,  resem- 
bling the  green  talc  from  tlie  Tyrol.  H.=  2  6-8.  G.  =  2*71.  Color  apple-green.  Lustchr 
peaiiy  on  cleavage  face.     Optically  -|-,  sensibly  uniaxial.    Occurs  with  diaspore  at  Chester, 

Muss. 

Other  Chlobitbb.  Besides  the  chlorites  already  described  which  occur  usually  in 
distinct  crystals  or  plates,  there  are.  as  noted  on  p.  472,  forms  varying  from  flue  scaly  to 
fibrous  ana  earthy,  which  as  alreadv  noted  are  prominent  in  rocks.  In  some  cases  they 
may  belong  to  the  species  before  described,  but  frequently  the  want  of  sufficient  pure 
material  has  left  their  composition  in  doubt.  These  chlorites  are  commonly  characterized 
by  their  green  color,  distinct  pleocliroism  and  low  birefringence  (p.  478). 

The  following  are  names  which  have  been  given  particularly  to  the  chlorites  filling 
cavities  or  seams  in  basic  igneous  rocks:  apliroiiderile,  diabantiie,  deUssite,  epichhrite,  euralite, 
ehlaropficnte,  hulliU, 

The  following  are  other  related  minerals. 

Oronstedite.  4Fe0.2Fe«Os.8SiOs.4H90.  Occurs  tapering  in  hexagonal  pyramids;  also 
in  diverging  groups;  amorphous.  Cleavage:  basal,  highly  perfect.  Thin  laminse  elastic. 
G.  =  8  84-8  35.  Color  coal  black  to  brownish  black;  by  transmitted  light  in  thin  scales 
emerald-green.     Streak  dark  olive-green.     From  PKbram  in  Bohemia;  also  in  Cornwall. 

Thuringite.  8Fe0.4(Al,Fe)tOs.6SiO,.9HtO.  Massive;  an  aggregation  of  minute 
pearly  scales.  Color  olive-green  to  pistachio-green.  From  near  Saalfeld,  in  Thurin^a; 
Hot  Springs,  Arkansas,  etc. ;  from  the  metamorphic  rocks  on  the  Potomac,  near  Harper's 
Ferry  ((noenUe), 
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Chamobitk.  Contains  iron  (FcO)  with  but  little  MgO.  Occurs  compact  or  oOlitic, 
wltli  H.  about  3;  G.  =  3-3*4;  color  greenish  gray  to  black.  From  Chnmofion,  near  St. 
Maurice,  in  ihe  Valais. 

Stilpnomelane.  An  iron  silicate.  In  foliated  plates:  also  fibrous,  or  as  a  velvety  coat- 
ing. G.  =  2*77-2*96.  Color  bluck,  greenish  black.  Occurs  at  OUergruud  and  elscwheie 
in  Silesia;  also  in  Moravia;  near  Weilbutg,  Nassau.  Chalcadite,  from  the  SterliDg  Iron 
mine,  in  Antwerp,  Jefferson  Co.,  N.  Y.,  coating  lieuiatite  and  calcite,  is  the  same  miuenil 
in  velvety  coating  of  uiica-like  scales  with  a  bronze  color. 

Strigovite.  H4Fe9(Al,Fe)aSi30.  In  aggregations  of  minute  crystals.  Color  dark 
green.  Occurs  tu>  a  line  coating  over  the  minerals  in  cavities  in  the  gianite  of  Striegau  iu 
oik'ttia. 

Rumpfite.  Hs»MgTAtieSiioO«ft.  Massive;  granular,  consisthig  of  very  fine  scales. 
Color  greenish  white.    Occura  with  talc  near  St.  Michael  iu  Upper  Slyria. 

APPENDIX  TO  THE  MICA  DIVISION.— VERMICUUTE8. 

The  Vekmiculite  Group  includes  a  number  of  micaceous  minerals,  all  hydrated  sili- 
cates, in  part  closely  related  to  the  chlorites,  but  varying  somewhat  widely  in  composi- 
tion. They  are  alteration  products  chietiy  of  the  micas,  biotite,  phlogopite,  etc., and  retaia 
more  or  less  perfectly  the  micaceous  cleavage,  and  often  show  the  negative  optical  chiiracter 
and  small  axial  angle  of  the  original  species.  Many  of  them  are  of  a  more  or  less  indefinite 
chemical  nature,  and  the  composition  varies  with  that  of  the  original  mineral  and  with  the 
degree  of  alteration. 

The  laminae  in  general  are  soft,  pliable,  and  inelastic;  the  luster  pearly  or  bronze-like, 
and  the  color  varies  from  white  to  vellow  and  brown.  Hetited  to  lOO^-llO*  or  dried  over 
sulphuric  acid  most  of  the  vermicuSites  lose  considerable  water,  up  to  10  p.  c,  which  is 
probably  hygroscopic;  at  300*"  another  portion  is  often  given  off;  and  at  a  red  heat  a  some- 
what larger  amount  is  expelled.  Connected  with  the  loss  of  water  upon  ignition  is  the 
common  physical  character  of  exfoliation:  some  of  the  kinds  especially  siiow  this  to  a 
marked  degree,  slowly  opening  out,  when  heated  gradually,  into  long  worm-like  threads. 
This  character  ims  given  the  name  to  the  group,  from  the  Latin  tenniculari,  to  brud  Vfomu. 
The  minerals  included  can  hardly  rank  as  distinct  species  and  only  their  names  can 
be  given  here:  Jefferisite,  vermieulits,  cuUageeite^  kerrite^  lenniliie,  halliU,  phUadelphUe, 
ffoalite,  maconite,  dudUyiU,  pyroseleriU, 


in.  Serpentine  and  Talc  Division. 

The  leading  species  belonging  here,  Serpentine  and  Talc^are  closely  related 
to  the  Chlorite  Group  of  the  Mica  Division  preceding,  as  noted  beyond. 
Some  other  magnesium  silicates,  in  part  amorphous,  are  included  with  them. 

SERPBNTINE. 

Monoclinic.  In  distinct  crystals,  but  only  as  pseudomorphs.  Sometimes 
foliated,  folia  rarely  separable;  also  delicately  fibrous,  the  fibers  often  easily 
separable,  and  either  flexible  or  brittle.  Usually  massive,  but  microscopically 
finely  fibrous  and  felted,  also  fine  granular  to  impalpable  or  cryptocrjstalline; 
slaty.  Crystalline  in  structure  but  often  by  compensation  nearly  isotropic; 
amorphous. 

Cleavage  b  (010),  sometimes  distinct;  also  prismatic  (50**)  in  chrysotile. 
Fracture  usually  conchoidal  or  splintery.  Feel  smooth,  sometimes  greasy. 
H.  =  2*5-4,  rarely  5*5.  6.  =  2-50-2*65;  some  fibrous  varieties  2'2-2*3;  retini^- 
ite,  2*36-2*55.  Luster  subresinous  to  greasy,  pearly,  earthy;  resin-like,  or 
wax-like;  usually  feeble.     Color  leek-green,  blackish  green;    oil- and  siskin* 

g-een;  brownish  red,  brownish  yellow;  none  bright;  sometimes  nearly  white, 
n  exposure,  often  becoming  yellowish  gray.     Streak  white,  slightly  shining. 
Translucent  to  opaque. 


PleocliroiBin  feeble.     Optically  — .perhupB  also  +  in  chrysotile.     Double 
ractioii  weak.     Ax.  pi.  Q  u(lOU).     Bi  (O)X^  (010)  the  cleavage  sorface;  c| 
iuxiul,  augle  variable,  often  large;   ^V  =  ZO"  to  90°. 


AuOaoriU    «=  rseO  /(=  1-570    r  =  1-571    r  -  >»  =  O-OII  L«Ty.Lc«. 
Var. — H&uy  uaiusiBiuod  B|ivcieB  Lave  bten  mude  out  ol  HerpenUue.  differiug  In  ilruc- 
lurc  (niiiBsive,  skty,  follnled,  librous).  or,  as  euppused.  iu  cbemlcul  composition,  and  tliese 
now,  ill  piirl.  Btiiud  as  vnriKties.  (tlitiig  wllli  some  olhen  biiMd  on  TariHiIoui  In  texture,  etc. 

A.  In  Crtstals — PsKroouuiii-ud.  Tlie  racist  coDiiooii  bave  the  form  of  cbryaolite, 
Olber  kinds  uru  i.auudoiuurpbs  uTter  pyniiisne.  aniphibolu,  spinel,  cboDdrodite,  garnet, 
IililogopjtL-,  etc.  BattiU  or  HehUler  Spar  Is  euaiatilu  (byperstUeiie)  altered  more  or  lew 
compk-iely  Iu Bct|>enii[ie,     Seep.  d8H. 

B.  Massite.  I.  Ordtmiry  matiia.  (a)  Preciout  or  JfebU  fkrpenlitit  le  of  a  rich  oil- 
grecu  color,  oF  pale  or  dark  sbudts.  and  Irausluceut  cvcd  when  In  ibick  pieces.  (6) 
Uemnu/it  Serpeniiin  U  of  dark  abudcs  of  color,  and  subt  rang  lucent.  The  former  baa  a 
bardness  of  %•&-&;  tbe  lailer  ufteii  of  4  or  bi-yi  nd,  owiog  lo  impurities. 

HeiiiieuK.    HeUualUe.    Hauive.  honey-yellow   to    iTglit  oil  greeo,  waxy  or  resjn-like 

AnMnite  (Nephrite  Boaen).  Massive.  oT  very  flnegranulnr  texture,  and  much  retembles 
nephrite,  and  wuk  long  so  called.  It  Is  Bpple-gret;ii  or  greenish  wblle  Id  color;  Q.  =  2-564- 
3-7tl7,  Boweti;  and  it  lias  the  unusual  baitluesa  5'6-e.  From  gmilhfield.  R.  1.;  also  a  sim- 
ilar kind  frum  New  Ztuliind. 

C.  Lauellar,  AniigoriU.  Iliiii  tnmeltnr  in  structure,  sepHraling  into  Iranshicent  folia; 
H.  =  2'5;  G  =  2'G22;  color  brownish  grevn  by  reflected  light;  fed  smooth,  but  not  grentiy. 
Fiom  Anllgorio  valley,  Pietltuonl. 

D.  TtliN  FOUATBD.  Jformoti'te,  Ihin  Miiiled;  the  kminie  brittle  but  separable.  G.  = 
8'41:  coloi-s  greenish  while,  bluish  while  to  pale  as)iiiragus  gieeii.     Froui  B'^boken,  N.  J. 

E.  Fibrous.  ChrytoUU.  Delicately  Ubrous.  ihe  Blieis  usually  flexible  awl  enstly 
Eeparat!ug;  luster  silky,  or  silky  metallic;  color  (:reenUh  wbiie.  green,  olive.gi-rtn.  yellow 
aDd  browiiisli;  G  =  2-319.  Oflen  constllutis  seunis  in  serpeniitie.  It  int-ludts  most  of  tbe 
silky  araiiiuUiut  of  serpentine  rocks  and  much  of  nbat  is  popuhirly  culled  aibatat 
<asbcstos).     or.  p.  401. 

ISeroliU  cohiiuDar.  but  fibers  or  coliimDH  not  tasily  fiexible,  and  often  not  easily  sepa- 
rable, or  iiffordlnE  only  II  splintery  fnicinre;  color  dink  preen  to  niininTsin  green,  gray, 
brown.     The  origlual  whs  from  Taberg,  Sweden.     BallimmiU  is  plcruilte  from  Bare  IIills, 

F.  Serfentine  Rocks.  Serpentine  often  coiislitulea  rock -musses.  It  frequently 
occurs  miied  with  more  or  less  of  dolomite,  niiiguesile.  orculcite,  making  a  rock  of  clouded 
green,  sometimes  veined  wilh  wlilieor  pule  greeu.  called  Mrdnnliyus.  ophioiitt,  or  ophieaUiU. 
Seriienline  rock  Is  sometimes  mottled  with  red,  or  has  aomeiliiiig  nf  ibe  aspect  of  a  red 
pnrpbyry;  tbe  reddish  porlions  conlaiaiiig  an  uhiibiidI  amount  of  o\ide  of  iron.  Any  ser- 
pentine rock  cut  into  (lube  and  polUbed  h  called  terj)g7itine  marbl*. 

Hlcroacopic  eiamlniillon  has  eslabliHhed  tlie  fact  that  serpentine  in  rock-mn-ies  has  been 
largely  produced  by  the  alteration  of  cbrvsnllte.  nud  mnny  apparently  bomngeueoas  ser- 
peiiliiiea  show  more  or  less  of  this  originnl  mineral.  In  other  cases  it  lias  resulted  froni  the 
;illeratioa  of  pyroxene  or  ampUibole.      Seciious  of  llie  914, 

serpentine  derived  from  chrysolite  often  show  a  pecu- 
liar structure,  like  the  meshes  of  a  net  (Fig.  S14);  Ihe 
lines  miirked  by  grains  of  magnetite  also  follow  the 
origiuil  crscks  nnd  cleavage  directions  of  Ihe  cbry^^ollle 
(Pig.  81R,  a).  The  serpenllue  from  ampblbole  and  pyrox- 
ene commonly  shows  an  analoffous  slruclure;  the  Iron 
particles  following  ihe  former  cleavage  lines  Hence  the 
nature  of  Ibe  original  mineral  can  often  be  inferred. 
Cf.  Fig.  9U,  a.  *.  e  (Firi'on). 

Comp.— A  Tnagnesium  ailicate,  H,Mg,Si,0,  or 
3Mg0.2SiO,.2H,0  =  Silica  44-1,  magnesia  430, 

water  13*9  =  100.  Iron  protoxide  often  replaces  a  small  part  of  tbe  nituf> 
nesium;  nickel  in  small  amount  is  sometimes  present.  The  water  is  cliieflj 
«xpelled  at  a  red  heat. 

Pyr,,  etc.— In  the  closed  tube  yields  water.    B.B.  fuses  od  Ihe  edges  with  difficulty. 
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F.  =  6.     Qlvea  usually  nn  Iron  reBclion.     Decomposed  by  liydrocbloric  and   sulpburic 

acids.     Fnim  cbrysotile  llie  silica  U  leFi  in  Qoe  tlbers. 

Diff. — Charnclerizect  by  softutiss.  absence  i>f  clesTBge  and  feeble  waxy  or  oily  luuer; 
low  specific  gruvlly;  by  yieldlug  iiiucli  water  B.B, 

Ileadily  recugiiized  in  tliia  sections  by  its  greenish  or  yellowish -green  coliir;  low  relief 
and  uggrejpite  poluilzatioc  due  to  Its  tibrous  structure.     When  tbe  libera  ure  parallel,  the 

915. 
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a   Se  )e     u       nvet  from  c    ysi  ion  ampbibole;  e,  from  pyroxene. 

lute  fe  ence  co  ore  a  e  ool  very  ow  bu  he  o  fused  aggregates  may  show  Ibe  "  ultra 
bl  e  o  e  en  be  so  op  c  Tbe  onsti  t  ssoc  lion  wflli  other  magoesla  beiirioK 
minerals  like  chrysollle,  pyroxene,  bortibleude.  etc..  Is  also  characteristic.  Tbe  pteaenca 
of  lines  of  iroQ  particles  as  noted  above  (Fit;.  61!i)  Is  characi eristic. 

Oba. — SerpeQtluc  U  always  a  secoDiliiry  iiiiDeral  resiiltiug,  ua  noted  above,  from  the 
aUeratioD  of  silicates  contaiubig  mngiiesia.  partkularly  chiysoUte,  ampblliole  or  pyroxeue. 
It  frequently  forms  large  rock-innssi-B.  then  being  derived  from  the  alteration  of  peridolitea, 
duiiilL-H  unci  other  basic  rocks  of  igneous  origin:  also  of  amphibolMes.  or  pyroxene  and 
chrysolite  rocks  of  mel;imor|>blc  oiTgln.  In  tbe  flrat  case  it  is  usually  accompanied  by 
spinel,  gnruet.  ehniiulte  and  sometimes  nickel  ores;  In  Ibe  second  case  by  various 
carlHmntes  sucb  as  dolomlle.  miijCnesile.  breunnerite,  etc. 

CryslalM  iif  serpentine.  ]Hieiidoniorpboiis  after  monticellile,  occur  in  tbe  PaaBathal. 
Tyrol;  near  Miask  at  Lake  Aushbul.  Bnnovka,  Ekaterinburg,  and  elsewhere:  in  Norway, 
nt  Snariini;  etc.  Fine  precious  serpentines  come  from  Falun  mid  GulsjO  in  Sweden,  tbe 
InIc  of  Man,  the  neighbiirbood  of  Poitsoy  in  Alierdeeu shire,  the  Lizard  In  Cornwall,  Cor- 
sica. SiberiH,  Saxonv,  etc. 

In  N.  America,  In  Miiine.  at  Dmr  Isle,  precious  serpentine.  In  Vermont,  at  New  F^lI]e, 
Roxbiiry.  etc.  In  Mau  .  fine  at  Newburyporl.  In  B.  liiaiid,  at  Newport;  iowtnile  at 
Smitbfielil.  In  Conn.,  near  New  Haven  and  Mllford.  nt  the  verd-antique  qtiarriee. 
In  N.  York,  nt  Port  Henry,  Essex  Cci.;  nl  Aiiln'erp.  Ji'lTerson  Co.,  In  crystals;  in  Qouver- 
neur,  St.  Lawrence  Co  ,  In  crystals;  En  Cornwall,  Monroe,  ami  Warwick.  Oraniie  Co., 
sometimes  in  large  crystals  at  Warwick:  and  from  Ittcbmoiid  io  New  Brighton,  Richmond 
Co.  In  N.  Jeruy,  nt  HolKiken.  niib  brudte.  magnetite,  etc. ;  i>t  Houtville,  Morris  Co., 
chr¥8i>tile  and  retiualite,  with  common  serpen  line,  produced  by  the  alteration  of  pyroienc. 
In  A'nn.,  maxslve.  Ilbrnus.  and  folinteil.  nt  Texas.  Lancaster  Co. :  at  West  Cbester,  Cbcster 
Co.,  wiUiaiiitiU;  nt  Mineral  Hill,  Newtown.  Marnle.  and  MiddtHown.  Delaware  Co.  la 
Maryland,  at  Uaie  Hills:  at  Cooplown,  Harfora  Co.,  wlib  diallage.  lu  Valifornia,  at 
various  points  in  tbe  Const  Itange. 

In  CuHitdii,  nbundant  among  the  metnmorphic  rocks  of  tbe  Eastern  Townsblpi  and 
Gaspe  peniiisnin,  Quebec;  at  Thclford.  Coterainc.  Broughton.  Orford.  S  Ham,  Bolton, 
Sbiplon.  Melbourne,  etc.  Tlie  libroiis  variety  chryaollle  (a^liealus,  lioKlnidle)  of  en  forma 
scams  several  Inches  In  thickness  in  the  massive  inineml,  and  Is  now  exiemiively  mined  for 
technical  purposes.  Massive  Lniirentianseipentlne  also  occurs  In  Grenville.  Argeiiteiill  Co., 
Qnelle'^  and  North  Burgess,  Lanark  Co.,  Onlnrio.  In  JV.  Bnnitieielc,  at  Cniw's  Nest  In 
P.irll:ind. 

The  names  Serpentia'.  Op/tile,  Lapit  coliihrinu*.  allude  In  tbe  green  arpcnt  Hke 
cloudings  of  the  serpentine  marble.  Beiiniilitf  is  from  (jfrii'^.  rfiiin;  Pinvl'Pr.  from 
niicii'H.  biller.  In  allu<iiou  to  thi:  magnesia  (or  Bitiererdei  pn'seni;  27itrmopAt/ilile,  f'om 
Ofoiiif.  if'it.  and  ^i.'.Uoi',  lenf.  on  account  of  the  eiFolintion  when  heated;  Chrj/tolilt. 
from  j;(ji'o-.i?  golden,  and  r AoS. Jl*reu»;  MtUixilt.  from  Hfraia,  lilk;  MarmotUe,  from 
^apinipm,  to  thine,  in  allusion  to  its  pcculLir  luster. 
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Deweylite.  A  masmedan  silicate  near  serpentiDe  but  with  more  water.  Formula 
perhaps  4MgO.8SiOa.0HtO.  Amorphous,  resembling  gum  arabic.  or  a  resin.  H.  =  2- 
8'5.  G.  =  2'0-2'2.  Color  whitish,  yellowish,  reddish,  brownish.  Occurs  with  serpentiue 
In  the  Fleimsthal,  Tyrol;  also  at  Texas,  Penn..  and  the  Bure  Hilis,  Md.  QyutJiUe  of 
Thomson,  named  from  yvuyo^,  naked,  in  allusion  to  the  locality  at  Bare  Hills,  Md.,  is  the 
same  species. 

Gtonthite.  Nickel  Gymnite.  A  gymnite  with  part  of  the  magnesium  replaced  by 
nickel.  2NiO.2MgO.88iOa.6HtO.  Amorphous,  with  n  delicate  staluctiiic  surface,  incrust- 
iiig.  H.  =  3-4;  sometimes  very  soft.  G.  =  2*409.  Luster  resinous.  Color  pnle  apple- 
green,  or  yellowish.     From  Texas,  Lancaster  Co.,  Pn.,  in  thin  crusts  on  cUromite. 

Gamierite.  Noumeite.  An  important  ore  of  nickel,  consisting  essentially  of  a  bydrated 
silicate  of  magnesium  and  nickel,  perhaps  Ht(Ni.Mg)Si04  +  ^q,  but  very  variable  in  ct>m- 
position,  particuhirly  as  regards  the  nickel  and  muguesium;  not  always  homogeneous. 
Amorphous.  Soft  and  friable.  G.  =  2*8-2*8.  Lusier  dull.  Color  bright  appie-green» 
pale  green  to  nearly  white.  In  part  unctuous;  sometimes  adheres  to  the  tongue.  Occurs 
in  serpentine  rock  near  Noumea,  capital  of  New  Caledonia,  associated  with  chromic  inio 
and  steatite  where  it  is  extensively  mined.  A  similar  nre  occurs  at  Riddleslin  Douglaa 
County,  southern  Oregon;  also  at  Webster,  Jackson  Co.,  N.  C-  Wv^J^.  y^*x  '  . ' 


TALO. 

Orthorhombic  or  monoclinic.  Rarely  in  tabular  crystals,  hexagonal  or 
rhombic  with  prismatic  angle  of  60°.  Usually  foliated  massive;  sometimes  in 
globular  and  stellated  groups;  also  granular  massive,  coarse  or  fine;  fibrous 
(pseudomorpbous) ;  also  compact  or  cryptocrystalline 

Cleavage:  basal,  perfect.  Sectile.  Flexible  in  thin  laminae,  but  not  elastic 
Percussion-figure  a  six-rayed  star,  oriented  as  with  the  micas.  Feel  greasy. 
H.  =  1-1  "5.  G.  =  2*7-2*8.  Luster  pearly  on  cleavage  surface.  Color  apple- 
green  to  white,  or  silvery-white;  also  greenish  gray  and  dark  green;  sometimeg 
bright  green  perpendicular  to  cleavage  surface,  and  brown  and  less  translucent 
at  rijsjlit  angles  to  this  direction;  brownish  to  blackish  green  and  reddish  when 
impure.  Streak  usually  white;  of  dark  green  varieties  lighter  than  the  color. 
Sub  transparent  to  translucent.  Optically  negative.  Ax.  pi.  \a,  Bx  J.  c. 
Axial  angle  small,     y  —  a  =  0035-0-050. 

Var. — Folmird,  Talc  Consists  of  folia,  usually  easily  separated,  having  a  greasy  feel, 
and  presenting  ordinarily  light  gVeen,  greenish  white,  and  white  colors.     G  =  5J  65-278. 

Mnsnive,  Steatite  or  oonpgtone  (Speckstein  Oerm.).  a.  Con rse  granular,  grayish  green, 
and  Urownish  grny  in  color;  H.  =  1-2*5.  Potatone  is  ordinary  soapstone.  more  or  less 
impure,  b.  Fine  granular  or  crypf  )crystalline.  and  soft  enough  to  be  used  as  chalk;  as  the 
French  chalk,  which  is  milk-whhe  with  a  pearly  luster,  c.  Indurated  tale.  An  impure 
slaty  talc,  harder  than  ordinary  talc 

Pseudomorphotuf.  a.  Fibrous,  fine  to  coarse,  altered  from  enstntite  and  tremolite. 
b.  Remselaeriie,  having  the  form  of  pyroxene  from  northern  New  York  and  Cannda. 

Comp. — Anacid  metasilicate of  magnesinm,H,MgjSiO,)^or  H,0.3Mg0.4SiO, 
=  Silica  63*5,  magnesia  31*7,  water  48  =  100.  The  water  goes  off  only  at  a 
red  heat.     Nickel  is  sometimes  present  in  small  amount. 

Pyr.,  etc.— In  the  closed  tube  B.B.,  when  intensely  ignited,  most  varieties  yield  water. 
In  the  platinum  forceps  whitens,  exfoliates,  and  fuses  with  difficulty  on  the  I  bin  edges  fo  m 
white  enamel.  Moistened  with  colmlt  solution,  assinnes  on  i:;nition  a  pale  red  rotor.  Not 
decomposed  by  acids.     Rensselaerite  is  decomposed  by  concentrated  sulphuric  ncid. 

Diff.— Cliamcterized  by  extreme  softness,  soapy  feel;  common  foliated  structure;  pearly 
luster;  it  is  flexible  but  inelastic.     Yields  water  only  on  intense  ignition 

Obs. — Talc  or  steatite  is  u  very  common  mincml.  and  in  the  Intter  form  conMitnfes 
extensive  beds  in  some  reirions.  It  is  often  associated  with  serpentine,  talrose  or  chtorific 
schist,  and  dolomite,  and  frequently  contains  crystals  of  dolomite,  briunnerite,  also 
asbestus,  actinolite.  tourmaline,  magnetite. 

Steatite  is  the  material  of  many  pseudomorphs,  among  which  the  most  common  are 
those  after  pyroxene,  hornblende,  mica,  scapolite,  and  spinel.    Themagnesian  minerals  are 
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tbose  which  commouly  uflord  steatite  by  alieratiou;  wliile  those  like  scapoliteand  nephelite, 
which  contain  soda  and  do  magnesia,  most  frequently  yield  pinile-Iike  pseudoniorphs. 
There  are  also  steatitic  pseudoinurphs  after  quartz  dolomite,  topaz,  chiastolite,  staurolite, 
cyanite,  garnet,  vesuviauite.  chrysolite,  gehleuite.  Talc  in  the  fibrous  form  is  peeudomorph 
after  enstatite  and  tremolite. 

Apple-.ureeu  talc  occurs  at  Mt.  Greiner  in  the  Zillerthal,  Tyrol;  in  the  Valais  and  St. 
Oothiird  in  Switzerland;  in  Cornwall,  near  Lizard  Point,  with  serpentine;  the  Slielland 
islands. 

In  N.  America,  foliated  talc  occurs  in  Maine,  at  Dexter.  Id  Vermont,  at  Bridgewater, 
liandbome  green  lalc,  with  dolomite;  Kewfune.  In  Maia.,  at  Middlefield,  Windsor,  Blun- 
ford,  Andover,  and  Chester.  In  K.  hland,  at  Smithfield,  delicate  green  and  white  io  a 
crystiilline  limestone.  In  N,  York,  ut  Edwards,  St.  Lawreoce  Co..  a  tine  fibrous  talc 
{agaliie)  associated  with  pink  tremolite;  on  Staten  Island.  In  N.  Jer$ey,  Sparta.  Id  Penn., 
at  Texas.  Notiingham,  Uuioiiville;  in  South  Mountain,  ten  miles  south  of  Carlible;  at 
Chestnut  Hill,  on  the  Schuylkill,  talc  and  also  soapstone,  the  latter  quarried  extensively. 
In  Maryland,  at  Cooptown.  of  trejn,  blue,  and  rose  colors.  In  N.  C*ir,,  at  Webster,  Jnck- 
i»on  Co.  In  Canada,  in  the  town8l)i|>s  Bolton.  Sutton,  and  Potton,  Quebec,  with  steatite  ia 
beds  of  Cambrian  age;  in  the  township  of  Elzevir,  Hastings  Co.,  Ontario,  an  impure 
grayish  var.  in  Archaean  rocks. 

SBPIOLITII.     Meerschaum  Oerm.    L'^cume  de  mer  Fr. 

Compact^  with  a  smooth  feel,  and  fine  earthy  texture,  orclay-like;  also 
rarely  fibrous.  H.  =  2-2*5.  G.  =  2.  Impressible  oy  the  nail.  In  dry  masses 
fioats  on  water.  Color  grayish  white,  white,  or  with  a  faint  yellowish  or 
reddish  tinge,  bluish  green.     Opaque. 

Comp.— II^Mg.Si  0„  or  2H,0.2Mg0.3SiO,  =  Silica  60-8,  magnesia  27-1, 
water  12*1  =  100.  Some  analyses  show  more  water  (2H,0),  which  is  probably 
to  be  regarded  as  hygroscopic.  Copper  and  nickel  may  replace  part  of  the 
magnesium. 

Pyr..  etc. — In  the  closed  tube  yields  first  hygroscopic  moisture,  and  at  a  higher 
temperature  gives  much  water  and  a  burnt  smell.  B.B.  some  varieties  blacken,  then  bum 
white,  and  fuse  with  difficulty  on  the  thin  edges.  With  cobalt  solution  a  pink  color  on 
ignition.     Decomposed  by  hydrochloric  acid  with  gelatin izat ion. 

Obs.— Occurs  in  AMa  Minor,  in  masses  in  stratified  earthy  or  alluvial  deposits  at  the 
plains  of  Eskihi  sher;  at  Hrubschitz  in  Moravia:  in  Morocco,  called  in  French  Pierre  de 
Savon  de  Maroe;  at  Vallecas  in  Spain,  in  extensive  beds. 

A  fibrous  mineral,  having  the  composition  of  sepiolite,  occurs  in  Utah. 

The  word  meerschaum  is  German  for  eea-froth,  and  alludes  to  its  lightness  and  color. 
Sepiolite  Glocker  is  from  ai/nia,  evitle-fish,  the  bone  of  which  is  light  and  porous;  and 
being  also  a  production  of  the  sea,  **  deinde  spumam  marinam  siguificahat,"  sa\s  Glocker. 

Connarite.  A  hydrous  nickel  silicate,  perhaps  H4Ni9SisOio.  In  small  fragile  grains. 
G.  =  2-459-2-619.     Color  yellowish,  green.     From  R5tlis,  in  Saxon  Voigtland. 

Bpadaite.  Perhaps  5MgO.6SiOt.4H3O.  Massive,  amorphous.  Color  reddish.  From 
Capo  di  Bove,  near  Rome. 


BAPONITB.     Piotine. 

Massive.  In  nodnles,  or  filling:  cavities.  Soft,  like  butter  or  cheese,  but 
brittle  on  drying.  G.  =  2  24-2*30.  Luster  greasy.  Color  white,  yellowish, 
grayish  green,  bluish,  reddish.     Does  not  adhere  to  the  tongue. 

Comp. — A  hydrous  silicate  of  magnesium  and  aluminium;  but  the  material 
is  amorphous  and  probably  always  impure,  and  hence  analyses  give  no  uniform 
results.  Contains  SiO,  40-45  p.  c.,  A1,0,  5-10  p.  c,  MgO  19-26  p.  c,  H,0  19- 
21  p.  c;  also  Fe,0,,  FeO,  etc. 

Pyr.,  etc, — B.B.  gives  out  water  very  readily  and  blackens;  thin  splinters  fuse  with 
difficulty  on  ilie  edge.     Decomp-^sed  hv  jiulplniric  acid. 

Ohs. — Occurs  in  cnvitics  in  hasali,  dijihase.  etc. :  also  with  serpentine.  Thus  at  Lizard 
Point,  Cornwall,  in  veins  in  serpentine;  at  various  localities  in  Scotland,  etc. 
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Sapooite  is  from  iopo,  aoap;  and  piotine  from  ici6TT}<i,  fat, 

Oeladonite.  A  silicate  of  irou,  magnesium  aud  potassium.  Eartby  or  in  minute 
scales.  Very  soft.  Color  green.  From  cavities  in  amygdaloid  at  Mte.  Baldo  near 
Verona. 

Qlauconite.  Essentially  a  hydrous  silicate  of  iron  and  potassium.  Amorpbous.  aud 
resembling  earthy  chlorite;  either  in  cavities  in  rocks,  or  loosely  gninulnr  massive.  Color 
dull  green.  Abundant  in  the  "green  sand,"  of  the  Chalk  formation,  sometimes  constitut- 
ing 75  to  90  p.  c.  of  the  whole. 

PhoUdoUte.  Corresponds  approximately  to  5HtO.Et0.12(Fe,M^O.Al30s.l8SiOt. 
In  minute  crystalline  scales.  O.  =  2'408.  Color  grayish  yellow.  From  Tabeig  iu  Werm- 
laud,  Sweden,  with  garnet,  diopside,  etc. 


IV.    Kaolin  Division. 

KAOIilNTTB.     Kaolin. 

Monoclinic;  in  thin  rhombic,  rhomboidal  or  hBzagonal  scales  or  plates 
with  angles  of  60°  and  1*^0°.  Usually  constituting  a  clay-like  mass,  either 
compact,  friable  or  mealy. 

Cleavage:  basal,  perfect.  Flexible,  inelastic.  H.  =  2-2*5.  6.  =  2'6-2*63. 
Luster  of  plates,  pearly;  of  mass,  pearly  to  dull  earthy.  Color  white,  grayish 
white,  yellowish,  sometimes  brownish,  bluish  or  reddish.  Scales  transparent 
to  translucent;  usually  unctuous  and  plastic. 

Optically  biaxial,  negative.  Bxo±^.  Bz^  and  ax.  pi.  inclined  behind 
some  20°  to  normal  to  c  (001)  Dick.     Axial  angle  large,  approx.  90°. 

Var. — 1.  KaoliniU  Iu  crystalline  scales,  pure  white  and  with  a  satin  luster  in  the  mnss. 
2.  Ordinary.  Common  kaolin,  in  part  in  crystalline  scales  but  more  or  less  impure 
including  the  compact  lUhomarge. 

Comp.— H,Al,Si,0„  or  2H,O.Al,0,.2SiO,  =  Silica  46*5, alumina  395,  water 
14*0  =  100.     The  water  goes  off  at  a  high  temperature,  above  330°. 

Pyr.,  etc. — Yields  water.  B.B.  infusible.  Gives  a  blue  color  with  cobnlt  solution. 
Insoluble  in  acids. 

Diff.— Characterized  by  unctuous,  soapy  feel  and  the  alumina  reaction  B  B.  Resembles 
infusorial  earth,  but  readilj^  distinguished  under  the  niicrosroi>e. 

Obs— Ordinary  kaolin  is  a  result  of  the  decomposition  of  aluminous  minerals,  especially 
the  feldspar  of  granitic  aud  gneissoid  rocks  and  porphyries.  In  some  regions  where  these 
rocks  have  decomposed  on  a  large  scale,  the  resulting  clny  remains  in  vast  lieiis  of  kaolin, 
usually  more  or  less  mixed  with  free  quartz,  and  sometimes  with  oxide  of  iron  from  some 
of  the  other  minerals  present.  Pure  kiiolinite  in  scales  often  occurs  in  connection  with 
iron  ores  of  the  Coal  formation.  It  sometimes  forms  extensive  beds  iu  the  Tertiary  forma* 
tion.  as  near  Richmond,  Va.  Also  met  with  accompanying  diaspore  and  emery  or 
corundum. 

Occurs  in  the  coal  formation  in  Belgium;  Schlan  in  Bohemia:  in  argillaceous  schist  at 
Lod^ve,  Dept.  of  Herault,  France;  as  kaolin  at  Diendorf  (Bodenniais)  in  Bavaria;  at 
Schemnitz;  with  tluor  at  Ziiinwald.  Yrieix,  near  Limoges,  is  the  l>est  locality  of  kaolin 
iu  Europe  (a  discovery  of  17ft5);  it  affords  material  for  the  famous  Sevres  porcelain 
manufactory.  Large  quantities  of  clay  (kaolin)  are  found  in  Cornwall  aud  West  Devon, 
England. 

In  the  U  States,  kaolin  occurs  at  Newcastle  aud  Wilmington.  Del.;  at  various 
localities  in  the  limonite  region  of  Vermont  (at  Brandon,  etc.),  Massachusiitts,  Pennsyl- 
vania; Jacksonville,  Ala.;  Edgefield,  S.  C;  near  Aueustn,  Ga. 

The  name  Kaolin  is  a  corruption  of  the  Chinese  Kauling,  meaning  high  ridge,  the  name 
of  a  hill  near  Jnuchau  Fu,  where  the  material  is  obtained. 

Pholerite  Near  kaolinite,  but  some  analyses  give  15  p.  c.  water.  The  original  was 
from  the  coal  mines  of  Fins.  Dept.  of  AUier,  France. 

HAIiLOTSITE. 

Massive.     Clay-like  or  earthy. 

Fracture  conchoidal.     Hardly  plastic.     H.=  1-2.     6.  =  2'0-2'20.    Luster 
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fsomewhat  pearlj,  or  waxj,  to  doll.  Color  white,  grayish^  greenish,  jellowbh, 
bluish,  reddish.  Translncent  to  opaqne,  sometimes  hecoming  translacent  or 
even  transparent  in  water,  with  an  increase  of  one-fifth  in  weight. 

Var. — Ordinary.  Earthy  or  waxy  io  luster,  and  opaque  massitre.  GalaptciiU  is  luUIqja* 
ite  of  An^lar.  Pitudo$U€tUte  of  Tbomsiiu  &  Btoncy  is  au  impure  vurieiy.  dark  gteeu'in 
color,  wiih  H.  =  2*25.  6.  =  2*4^.  Induinakte  is  u  white  porcekiu  clay  from  Lawrence 
Co.,  Indiana,  where  it  occurs  with  allophane  iu  beds  four  to  ten  feet  thick. 

SnuctiU  is  greenish,  and  in  certain  states  of  humidity  appears  tmuspareDt  aod  almost 
gelatinous;  it  is  from  Conde.  near  Houdan,  France. 

Dole,  in  piirt.  may  belong  here;  that  is.  thote  colored,  unctuous  clays  coDtaining  more 
or  less  iron  oxide,  which  al»L>  have  about  24  p.  c.  of  water;  the  iron  gives  them  a  brownish. 
yellowish  or  reddish  color;  but  they  may  be  mixtures.  Here  belongs  JBSrr^i/^  (mountain- 
soap). 

Comp.— A  silicate  of  aluniinium  (Al,0,.2SiOj)  like  kaolinite,  bat  amor- 
phous and  containing  more  water;  the  amount  is  somewhat  uncertain,  bat  the 
formula  is  probably  to  be  taken  as  II  Al,Si,0,+  aq,  or  2H,0.  Al,0,.2SiO,+  aq 
=  Silica  43';'),  alumina  369,  water  19-6  =  100. 

Pyr.,  etc. — Yields  water.  B.B.  infu«ii>le.  A  fiue  blue  with  cobalt  solution.  I>ecom- 
posid  by  Rci!s. 

Obs. — Occurs  often  in  veins  or  beds  of  ore,  as  a  secondary  product;  also  in  granite  and 
other  rocks,  Ixing  derived  from  the  decomposition  of  some  aluminous  minerals. 

Newtonite.  H^AUSi^Ou  4- aq  In  soft  white  compact  masses  resembling  kaolin. 
Found  on  Sueed's  Creek  in  the  northern  part  of  Newton  (jo.^  Arkansas. 


OimoUte.  A  hydrous  silicate  of  aluminium.  2AUOs.9SiO«.6H«0.  Amorphous  clay- 
like,  or  chalky.  Very  soft.  G.  =  2*18-23-0.  Color  white,  grayish  white,  reddish.  From 
the  island  .of  Argentiera  (Kimolos  of  the  Greeks). 

Montmorillonite.  Probably  HaAl9Si40;t  +  n  aq.  Massive,  clay-like.  Very  soft  and 
tender.  Lutiter  feeble  Color  white  or  grayish  to  rose-red,  and  bluish;  also  pistachio-green. 
Unctuous  Mmtinorillonite,  from  Montmorillon,  France,  is  rose-red.  CanfoUnsite  la  paler 
rose-red;  fr  Confoleiis,  Dept.  of  Charente.  ai  St.  Jean-de-Cdle,  near  Thiviers. 

8tolpenite  in  a  clay  from  the  basalt  of  Stolpen.  Sftponite  of  Nickl^  is  a  white,  plastic, 
soap- like  rlay  from  the  granite  from  which  issues  one  of  the  hot  springs  of  Plombidrea* 
France,  called  Sr^ap  Spring;  it  was  named  smegmaiite  by  Naumaun. 

PTROPHTLLITB. 

Monoclinic?     Foliated,  radiated  lamellar  or  somewhat  fibrous;  also  grann- 
lar  to  compact  or  crjptocrystalline;  the  latter  sometimes  slaty. 

Cleavage:    basal,  eminent.     Laminae   flexible^  not  elastic.     Feel   greasy. 

II  =  1-2.     G.  =  2'8-2'9.     Luster  of  folia  pearly;  of  massive  kinds  dull  and 

glistening.     Color  white,  apple-green,  grayish  and  brownish  green,  yellowish 

to  ocher-yellow,  grayish  white.     Subtransparent   to  opaque.     Optically    — . 

Bx  JL  cleavage.     Ax.  angle  large,  to  108°. 

Var. — (1)  Foliated,  and  often  ratliated,  closely  resembling  talc  in  color,  feel,  luster  and 
structure.     (2)  Compact  nmmce.  white,  grayish  and  greenish,  somewhat  resembling  com 
pact  steatite,  or  French  chalk.     TIiIh  compact  variety  includes  part  of  what  has  gone  under 
the  name  of  agalmatolite,  from  China;  it  is  used  for  slate-pencils,  and  is  sometimes  called 
pencil-ttone, 

Comp.— H,Al,(SiO,),  or  H,O.Al,0..4SiO,  =  Silica  66-7,  alumina  28-3,  water 
50  =  100. 


_^-r.,  etc.— Yields  water,  but  only  nl  a  high  temperattire.  B.B.  whitens,  and  fuses 
with  difficulty  on  the  edges.  The  ladiated  varieties  exfoliate  in  fan-like  forms,  swelling 
up  to  many  times  the  original  volume  of  the  assav.  Heated  and  moistened  with  colmlt 
solution  gives  a  deep  blue  color  (alumina).  Partially  decomposed  by  sulphuric  acid,  and 
completely  on  fusion  with  alkaline  carbonates. 
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Di£f. — Resembles  some  talc,  but  distiuguished  by  the  reactioD  for  alumina  with  cobalt 
soluiiou. 

Obs. — Compact  pyrophylHte  is  the  material  or  base  of  some  schistose  rocks.  The  foli- 
ated Viiriety  is  often  the  gangue  of  cyanite.  Occurs  in  the  Ural;  at  Westand,  Sweden; 
uear  Ottrcz,  Luxembourg;  Ouro  Preto,  Brazil. 

Also  iu  white  stellate  aggregations  in  Cottonstone  Mtn.,  Mecklenburg  Co.,  N.  C  ;  in 
Chesterfield  Dist.,  8.  C,  wlih  lazulite  and  cyanite;  in  Lincoln  Co.,  Gti.,  on  Graves  Mtn. 
The  compact  kind,  at  Deep  River,  N.  C,  is  extensively  used  for  making  slate-pencils  and 
resembles  the  so-called  a^ulmatoHte  or  pagodite  of  China,  often  used  for  ornamental 
carvings. 

ALLOPHANE. 

Amorphous.  In  incrustations^  usually  thin,  with  a  mammillary  surface^ 
and  hyalite-like;  sometimes  stalactitic.      Occasionally  almost  pulverulent. 

Fracture  imperfectly  conchoidal  and  shinlnc,  to  earthy  Very  brittle. 
H.  =  3.  G.  =  l'85-l-89.  Luster  vitreous  to  subresinous;  bright  and  waxy 
internally.  Color  pale  sky-blue,  sometimes  greenish  to  deep  green,  brown, 
yellow  or  colorless.     Streak  uncolored.     Tranducent. 

Comp. — Hydrous  aluminium  silicate,  Al,SiO^-f  5H,0  =  Silica  23  8,  alumina 
40*5,  water  35'7  =  100.  Some  analyses  give  6  equivalents  of  water  =  Silica 
22-2,  alumina  37-8,  water  40  0  =  100. 

Impurities  are  often  present.  The  coloring  matter  of  the  blue  variety  is  due  to  traces 
of  chrysocolla,  and  substances  intermediate  between  allophnne  and  chrysocolla  (mixtures) 
a^e  not  uncommon.  The  green  variety  is  colored  by  malachite,  and  the  yellowish  i.nd 
brown  by  iron. 

Pyr.,  etc.— Yields  much  water  in  the  closed  tube.  B.B.  crumbles  but  is  infusible. 
Gives  a  blue  color  with  cobalt  solution.     Gelatinizes  with  hydr  ochloric  acid. 

Obs. — Allophane  is  regai-ded  as  a  result  of  the  decomposition  of  some  aluminous  silicate 
(feldspar,  etc.);  and  it  often  occurs  incrustin^  fissures  or  cavities  in  mines,  especially 
those  of  copper  and  limonite,  and  even  in  beds  or  coal. 

Named  from  aXXoi.  oVier,  and  0aivea^ai,  to  appear ^  in  allusion  to  its  change  of 
appearance  under  the  blowpipe. 

Collyrite.  2A1sOs.SiOa.9HsO.  A  clay-like  mineral,  white,  with  a  glimmering  luster, 
greasy  feel,  and  adhering  to  tiie  tongue      G.  =  2-2*15.     Prom  Ezquerra  in  the  Pyrenees. 

Schrdtterite.  dAUOs.SSiOs.SOHsO.  Resembles  allophane;  sometimes  like  gum  in 
appearance.  H.  =  3-3*5.  G.  =  1*95-2  05.  Color  pale  green  or  yellowish.  From  Dnllin- 
ger  mountain,  near  Freicnstein,  in  Styria;  nt  the  Falls  of  Little  Kiver,  on  the  Sand  Mtn., 
Clherokee  Co.,  Alabama. 

The  following  nre  clay-like  minerals  or  mineral  substances:  Sinopite,  smectite,  catlinite. 

Oenosite.     H4Ca,(Y,Er)aCSi40i».     Color  yellowish  brown.     From  HitterO,  Norway. 

Thaumasite.  CHSiOa.CaCOt  Ca804.15HaO.  Massive,  compact,  crystalline.  Cleavage 
in  traces.  H.  =  8  5.  G.  =  r877.  Color  white.  Occurs  filling  cavities  and  crevices  at 
the  Bjeike  mine,  tiear  Areskuta,  Jemtland,  Swe<1en:  at  first  soft,  but  hardens  on  exposure 
to  the  air.     Also  in  fibrous  crystalline  masses  at  Paterson,  N.  J. 

Uranophane  Uianotil.  CaO  2UOs.28iOs  -f  6H,0  In  radiated  aggregations;  mas- 
sive, fibrous.  G.  =  3*81-3-90  Color  yellow.  From  the  granite  of  Kupferberg,  Silesia. 
Uranotil  occurs  at  WOlsendorf,  Bavaria;  Mitchell  Co. ,  N.  C. 


CHRYSOCOLLA. 

Cryptocrystalline;  often  opal-like  or  enamel -like  iu  texture;  earthy.  In- 
crusting  or  filling  seams.     Sometimes  botryoidal. 

Fracture  conchoidal.  Rather  sectile ;  translucent  varieties  brittle.  H.  = 
2-4.  G.  =r  2-2  238.  Luster  vitreous,  shining,  earthy.  Color  mountain- 
green,  bluish  green,  passing  into  sky-blue  and  turquois-blue;  brown  to  black 
when  impure.     Streak,  when  pure,  white.    Translucent  to  opaque. 

Comp. — True  chrysocolla  appears  to  correspond  to  CuSiO,+  2H,0  =  Silica 
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34*3,  copper  oxide  45*2,  water  20  5  =  100,  the  water  being  doable  that  of 
dioptase. 

Compofiitioo  varies  much  through  impuities;  free  dlica.  also  {ilumina,  black  oxide  of 
copper,  oxide  of  iron  (or  Hmonite)  and  oxide  of  maDgauese  may  be  present;  the  color  con- 
leqiieDtly  varies  from  bluish  green  to  brown  and  black. 

Pyr  ,  etc.— In  the  closed  tube  blackens  and  yields  water.  B.B.  deciepitateB,  colors  the 
flame  emeruld-ereeu,  but  is  infusible.  With  the  fluxes  cives  the  reactions  for  copper. 
With  soda  and  charcoal  a  globule  of  metallic  copper.  Decomposed  by  acids  wiUiout 
gelatinization. 

Obs  — Accompanies  other  copper  ores,  occurring  especially  in  the  upper  part  of  veins. 
Found  iu  copper  mines  in  Cornwall;  Hungary;  Silieriu;  Saxony;  South  Australia;  Chili, 
etc. 

In  the  U.  8..  similarly  nt  the  Schuyler's  mines.  New  Jersey;  at  Morgantown ,  Pa.;  at  the 
Clifton  mines.  Graham  Co..  Arizona;  Emmu  mine,  Uiah. 

Chry$oeoUa  is  from  xP^<^o^,  gold,  and  KoXXa.glus,  and  was  the  name  of  a  material  used 
iu  soldering  gold.     The  name  is  often  applied  now  to  borax,  which  is  so  employed. 

OHLOROPAIi. 

Compact  massive,  with  an  opal-like  appearance;  earthy. 

H.  =  2'5-4'5.  G.  =  1'T27-I'870,  earthy  varieties,  the  second  a  conchoidal 
specimen;  2105,  Ceylon,  Thomson.  Color  greenish  yellow  and  pistachio- 
green.  Opaque  to  snbtranslucent.  Fragile.  Fracture  conchoidal  and  splintery 
to  earthy.     Feebly  adhering  to  the  tongue,  and  meager  to  the  touch. 

Var. — Chloropal  has  the  above  ineutioned  characters,  and  was  named  from  the  Hunga- 
rian mincnil  occurring  at  Unghwar. 

Nontronite  is  pale  straw-yrllow  or  canary-yellow,  and  gncnish.  with  an  unctuous  feel; 
flattens  and  erows  lumpy  under  tiie  pestle,  and  is  polished  hy  friction;  from  Noiitron, 
Dept.  of  Dornogne.  France.  Pinguite  is  siskin-  and  oilgreen.  extremely  soft,  like  new- 
made  soap,  with  a  slightly  resinous  luster,  not  adhering  to  the  tongue;  from  Wolkenstein 
in  Saxony.  Graminite  has  a  grass-green  color  (whence  the  name),  and  occurs  at  Menzen- 
berg.  in  the  Siebcngebirge.  in  thin  fibrous  seams,  or  as  delicate  lamellae. 

Comp.— A  hydrated  silicate  of  ferric  iron,  perhaps  with  the  general  formula 
H  .Fe,(SiO  J,  +  2H,0  or  Fe,0..3SiO,.5H,0  =  Silica  41-9,  iron  sesquioxide  37-2, 
water  20*9  =  100.     Alumina  is  present  in  some  varieties. 

The  water  and  silica  both  vary  much.  The  Hungarian  chloropal  occurs  mixed  with 
opal,  and  fi^raduates  into  it,  and  this  accounts  for  the  hiirh  .<(i1ica  of  some  of  its  analyses. 

Obs. —Localities  mentioned  above  ChJoropal  occurs  also  at  Meenser  Steinberg  near 
QOltiniren;  pinguiie  at  Sternberg,  Moravia.  On  Lehigh  Mt.  Pa.,  south  of  Allentown, 
occurs  in  connection  with  iron  dep  tsits. 

Hgepbuite.     An  iron  silicate  near  chloropal.     Color  green.     From  Kritz.  Bohemia. 

Hisingerite.     A  hydrated  ferric  silicate,  of  uncertain  compositi'*o.    Amorphous,  com- 

Eact.     Fracture  conchoidal.     H.  =  8.    G.  =  2'5-80.   Luster  preasy.    Color  black  to  brown - 
ih  black.     Streak  yellowish  brown.     From  Riddarhyttan,  Tunaberg,  Sweden;  L&ngban, 
etc.,  Norway. 


The  following  are  hydrous  manganese  silicates. 

Bementite.  Approximately  t?MnSiOi.HaO.  In  soft  radiated  mas^tes  resembling  pyo- 
phyllite  G.  =  2-981.  Color  pale  grayish  yellow.  From  the  zinc  mines  of  Franklin  Fur- 
nace. N.  J. 

Oaryopilite.  Appmximately  4Mn0.3SiO«  3H,0.  In  stalactitic  and  reniform  shapes. 
G.  =  2'83-2*91.     Color  brown.     From  the  Harstig  mine  near  Pajsberg.  Sweden. 

Neotocite.  A  hydrated  silicate  of  manganese  and  iron,  of  doubtful  romponition,  usu- 
ally <ierived  from  the  alteration  of  rhodonite.  Amorphous  Color  black  to  dark  brown 
and  liver-brown. 
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fnTANO-SIZJCATES,  TTTAITATEB. 

This  lectioD  inclndea  the  common  calcium  titano-eilicHte,  Titatiite;  also  a 
number  of  silicates  which  coutaiu  titanium,  bnt  whoae  relations  are  not  alto- 
gether clear;  further  the  titanate,  Perovskite,  and  niobo-titanate,  Dysanalyte, 
which  is  intermediate  between  Perovskite  and  the  species  Pyrochlore,  Micro- 
lite,  Kopptte  of  the  following  chapter. 

Id  ^neral  Ihe  part  played  bj  lilanium  iu  the  niBDjr  BiHcktea  Id  wbich  ft  enters  is  more 
OT  less  uucertsiD.  It  is  probably  Id  most  cases,  hb  sbown  ie  ibe  preceding  pages,  to  be  laken 
asrepUclag  thealUcon)  In  otben,  however,  It  seems  to  play  tiie  part  of  a  basic  fllemeol;  Id 
Bcborlomko  (p.  419)  It  may  enter  Id  bolb  relalioos. 

TTTANITEI.     Bphene. 

Monoclinic.     Axes  d:h:i  =  0  7547  :  1  :  08543  ;  /H  = 
mm"',  110  A  liO=   86°  29".  "*■ 

ex,  001  A  102=  21"  0". 
m",  021  A  02l  =  113°  y. 
nn'.  Ill  Alll=  48' W. 
W.  118  A  ii2=  4fl'  7J'. 
c,t.  001  A  111  =  88°  Iff. 
tm.  001  A  110=  66°  80". 
el.       001  A  112=   40°  84'. 

Twins:  tw.  pi.  a  rath- 
er common,  botn  contact- 
twins  and  cruciform  pen- 
etration-twins. Crystals 
very  varied  in  habit  ; 
often  wedge-shaped  and 
flattened  {{  c;  also  pris- 
matic. Sometimes  mas- 
sive, compact;  rarely 
lamellar. 

Cleavage:  m  rather  distinct ;  a,  I  (llS)  imperfect;  in  greenonte,  n  (111) 
easy,  /  (Til)   lesa  so  (Di.).     Parting  often  easy  |  tj  (221)  due  to  twinning 


! 
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lamellse.  H.  =  5-5-5.  G. -■=  3-4-3-56;  3-o41  Chester,  Pireson.  Luster  ada- 
mantine to  resinous.  Color  brown,  gray,  yellow,  green,  rose-red  and  black. 
Streak  white,  slightly  reddish  in  greenovite.    Transparent  to  opaque. 
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Pleochroum  in  general  ratber  feeUe,  bat  dininct  in  deep-ecdored  kind*: 
c,  red  vitb  tinge  of  yellow;  b,  jeliov,  often  greenish:  a,  nearly  ooktieaL  Opti- 
cally -r*  ^X'  p^  1  ^'  1^2  nearly  X  ^  d^)?  i-e.,  Bx  a  ^  =  -t-  ^l^""-  DiqKtaon 
p  ^  r  Tenr  large,  and  hence  the  peculiarity  of  the  a^al  interfeienoe-figiire  in 
white  ligfit.  Axial  angles  variable.  2£r=50''  to  90\  fij  =  lt9t,  Bire- 
friiigence  high,  ;^  —  a  =  0-121. 


War,—Or(Uf4arif,    (a)  TtianiU ;  bfown  to  black,  the  original  beiag  thus  colored. 
o|M^|tM;  **r  suUrmoftluoeot.    C-j)  Sphttu  (named  from  iT0nr,  m  wedgey,  of  iigbt  sbftdca^  ^ 
ytlUfW,  gre^nibb,  etc..  and  ofun  traosli^ceDt;  tbe  origiuai  waa  jel  ow.   UgmriU  m an  appia 
green  upbetie,  hjdnthere  hjt  i^emeline;  a  greenisb  kiinL    LederUe  u  biown,  opaque,  or  mb- 
trail*! ticetit,  of  tlj«r  form  in  Fig.  916. 

TiUincnn</rpfaU  Ua  white  mo«tly  granular  alteration -product  of  rutile  and  ilmeoile,  not 
una/mnimi  irj  <  ertaiu  cryftalline  rockn;  li€fre  alM>  belongs  moat  leucozene  (see  p.  337). 

Matig'ijitdfiit;  GreeruftUe.  Red  or  ro«e- colored,  owing  lo  tbe  presence  of  a  ihtle  man* 
gutiem:;  innu  8t.  >!arcel. 

(J<niiaining  yttrium  or  cerium.     Here  belong  grotbite,  alsbedlte,  eacolite-titanite. 

Co»p.-CaTiSiO,  or  CaO.TiO,.SiO,  =  Silica  306,  titanium  dioxide  408, 
lime  *ZH'(f  =100.  Iron  ig  present  in  varying  amounts,  sometimes  manganese 
and  also  yttrium  lu  some  kinds. 

Pyr.,  etc.— B.B.  ftome  farieties  cbange  color,  becoming  yellow,  and  fuse  at  8  with  intii- 

mencif rice,  lo  ft  yellow,  brown  or  black  glaaf^.  Wiib  Ixin&x  tbey  afford  a  clear  yellowi^i. 
I^Miti  glfOM.  lnj|>erf«ctly  soluble  iu  beated  hydrocbloric  acid  ;  and  if  tbe  solution  be  con. 
centrutefl  aloni?  with  tin,  it  becomes  of  a  tine  violet  color.  Witb  snlt  of  pbOBpbonu  inR^F. 
gifen  a  violet  \}em\ ;  varieties  containing  mucb  iron  require  to  be  tre:ited  wiih  tbe  flax  on 
cbnrc^iul  with  metallic  tin.     Completely  decomposed  by  sulpburic  nud  bydrofluoric  acids. 

Diflf.— Clmracterizeil  by  iU  oblique  cn'stnllization,  n  wedge- sbaped  form  common  ;  by 
reHloouff  (or  ailamnntine)  luster  ;  hardneM  less  than  tbat  of  staurolite  and  greater  tban  that  of 
spbaler!t4;.  The  reaction  for  titanium  is  distinctive,  but  less  so  in  varieties  containing 
much  iron, 

DlMtinguiftlKid  in  thin  sections  by  iiH  acute-angled  form,  often  lozenge-shaped  ;  its  gen- 
erally pule  brown  tone  ;  veiy  high  relief  and  renmrkable  birefringence,  causing  ibc  section 
U)  hIiow  while  of  ibe  bibber  order ;  by  its  biaxial  cbnracier  («>bowiug  many  lemniscate 
curvcM);  and  by  its  great  dispersion,  wliicb  pro<luce8  colored  hyperbolas. 

Obs. — TitJiniie,  as  an  accessory  component,  is  widespread  as  a  rock  forming  mineral, 
though  confined  nio8tly  to  the  acidic  feldspatbic  igneous  rocks ;  it  is  mucb  more  common 
in  the  pliitonic  ^ninular  types  than  in  the  volcanic  forms.  Thus  it  is  found  in  tbe  more 
basic  hornblende  granites,  syenit'  s,  and  dlorites,  and  is  especially  common  and  character- 
istic in  the  nr'pbclitesyenites.  It  (^cxiun  also  in  tbe  metamorphic  rocks  and  especially  in 
the  Hchist.fl.  gneisses,  etc..  rich  in  magnesia  and  iron  and  in  certain  granular  limestones.  It 
is  alsT)  found  in  beds  of  iron  ore  ;  commonly  associated  minerals  are  pyroxene,  amphibole, 
chlorite,  scapolite,  zircon,  apatite,  etc.  In  cavities  in  gneiss  and  granite,  it  often  accom- 
panies adularia.  smoky  quartz,  apatite,  chlorite,  etc. 

Occurs  at  various  points  in  the  Orisons,  Switzerland,  associated  witb  feldspar  and 
chlorite;  Tavetsch;  in  the  8t.  Gothard  region;  Zerroatt  in  tbe  Vulais;  Maderanerthal  in 
Uri;  alw)  elHcwhere  in  the  Alps;  in  Daupbine  (ByiniJihe)'.  at  Ala,  Piedmont  (ligurite)\  at 
Ht.  Marcel,  in  Piedmont;  ai  SrhwHizenstein  and  Rotbenkopf  in  the  Zillerthai,  PjQtscb, 
T>  rol;  Zftpiau,  Moravia;  near  Tavistock;  near  Tremadoc,  in  North  Wales;  in  titanic  Iron 
at  Arendul,  in  Norway;  witb  magnetite  at  Nordmark,  Sweden;  Acbmatovsk,  Ural.  Occa- 
Hionully  found  among  volcanic  rocks,  as  at  Lake  Laach  (semeline)  and  at  Andernacb  on  tbe 
Hhiiio. 

In  Maim,  In  flne  crystals  at  Sundford.  In  Mats.,  in  gneiss,  in  tbe  east  part  of  Lee;  at 
Bolton  with  [>yroxene  atid  scapolite  in  limestone.  In  N.  York,  at  Roger's  Rock  on  Lake 
Oeorge.  abundant  in  small  brown  crystals:  at  Gouverneur,  in  black  crystals  in  granular 
lluH"»toue;  in  Dianfi  near  Natural  Bridge.  Lewis  Co  ,  in  large  dark  brown  crystals,  among 
wliich  Is  the  variety  Udrit^i ;  at  Hossie,  Fine,  Pitcairn,  St.  Lawrence  Co.;  in  Oiange  Co  . 
in  litneHtone;  near  Edenvillo.  in  light  brown  crystals  in  limestone;  at  Brewster,  at  the 
Tilly  Foster  iron  mine.  In  N,  Jersey,  at  Franklin  Furnace,  honey-yellow.  In  Penn,, 
HucksC^o.,  three  miles  west  of  Attleboro',  associated  with  wollastonite  and  graphite.  In 
7^.  Carolina,  at  Statcsvllle.  Iiedell  Co.,  yellowish  white  with  sunstone;  also  Buncombe  Co  , 
Alexander  Co.,  and  other  points. 
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Occurs  iu  Canada,  at  Greuville.  Argenteuil  Co.;  also  Buckingliam,  Terapleton.  Wake- 
field, Hull,  Ottawa  Co.;  at  N.  Burgess,  hoiiey-yellow;  uear  Eganville,  Renfrew  Co., 
Outario,  in  very  large  dark  browu  crystals  with  apatite,  amphibole,  zircon. 

Keilhanite.  A  titano-silicate  of  calcium,  aluminium,  ferric  iron,  anil  ibe  yttrium 
metals  Crystals  near  titanitc  in  habit  and  augles.  H.  =  65.  G.  =  3*52-3  77.  Color 
brownish  black.     From  near  Areudal,  Norway. 

Qaarinlte.  CuTiSiO*.  as  for  titaiiite.  In  minute  thin  tables,  flattened  |  b  (010),  nearly 
tetragonal  in  form.  H.  =6.  G.  =  3'487.  Color  sulphur-yellow,  houty-yellow.  Found 
in  a  grayish  trachyte  on  Monte  Somroa. 

Tscheffkinite.  A  tit ano  silicate  of  the  cerium  metals,  iron,  etc.,  but  an  alteration- 
product,  more  oi  less  heterogeneous,  and  the  composition  of  the  original  mineral  is  very 
uncertain.  Massive,  amorphous.  H.  =  5-5'o.  G.  =  4'508-4-549  Color  velvet -black. 
From  the  Ilmen  mountains  in  the  Ural.  Also  from  S.  India,  probably  Kanjamalai  Hill. 
Salem  distr.  An  isolated  mass  weighing  20  lbs.  has  been  fotmd  on  Hal  Creek,  uear  Ma&- 
sie's  Mills,  Nelson  Co  ,  Virginia:  also  found,  south  of  this  point,  in  Be<lford  Co. 

Astrophymte.  Probably  R4R4Ti(S;04)«  with  R  =  H.  Na,  K,  and  R  =  Fe.  Mn  chiefly, 
including  also  FcaOs.  In  elongated  crystals;  also  in  thin  strips  or  blades;  sometimes  m 
stellate  groups.  Cleavage:  6  perfect  like  mica,  but  laminae  brittle.  H.  =  3  G.  =  3  3-3-4. 
Luster  submetallic,  pearly.     Color  bronze-yellow  to  gold-yellow. 

Occurs  on  the  small  islands  in  the  Langesund  fiord,  near  Brevik,  Norway,  in  elseolite- 
syenite,  embedded  in  feldspar,  with  catapleiite,  aegiiite,  black  mica,  etc.  Similarly  at 
Kangerdluarsuk,  Greenland.  Also  with  arfvedsonite  and  zircon  at  St.  Peter's  Dome, 
Pike's  Peak,  El  Paso  Co.,  Colo. 

Johnstrupite.  A  silicate  of  the  cerium  metals,  calcium  and  sodium  chiefly,  with 
titanium  and  fluorine.     In  prismatic  crystals.     G.  =  3*29.     From  uear  Barkevik,  Norway. 

Mosandrite.      Near  johnstrupite  in  form  and  composition  and  from  the  same  region. 

Rinkite,  also  near  johnstrupite.  is  from  Greenland. 

Neptunite.  A  titano-silicate  of  iron  (mang>inese)  and  the  alkali  metnls.  In  prismatic 
monoclinic  crystals.     H.  =  5-6.     G.  =  3*23.     Color  black.     Southern  Greenland. 


PEROVSKITE .     Perofskite. 

Isometric  or  pseudo-isometric.  Crystals  in  general  (Ural,  Zermatt)  cubic 
in  habit  and  often  highly  modified,  but  the  faces  often  irregularly  distributed. 
Cubic  faces  striated  parallel  to  the  ed^es  and  apparently  penetration -twins,  as 
if  of  pyritohedral  individuals.      Also  in  reniform  masses  showing  small  cubes. 

Cleavage  :    cubic,   rather    perfect.     Fracture    uneven    to    subconchoidal 
Brittle.     H.  =  5*5.     G.  =  4  017-4*039  Zermatt.    Luster  adamantine  to  metal- 
lic-adamantine.     Color    pale  yellow,    honey-yellow,  orange-yellow,    reddish 
brown,  grayish   black.     Streak   colorless,   grayish.     Transparent   to   opaque. 
Usually  exhibits  anomalous  double  refraction. 

Geometrically  considered,  perovskite  conforms  to  the  isometric  system;  optically,  liow- 
ever,  it  is  uniformly  biaxial  and  usually  positive.  Tlie  molecular  structure  (also  as  devel- 
oped by  etching.  Baumhauer)  seems  to  correspond  to  orthorhombic  symmetry.   Cf.  Art.  411. 

Comp. — Calcium  titanate,  CaTiO,  =  Titanium  dioxide  58*9,  lime  41*1  = 
100.     Iron  is  present  in  small  amount  replacing  the  calcium. 

Pyr.,  etc. — In  the  forceps  and  on  charcoal  infusible.  With  salt  of  phosphorus  in  O.F. 
dissolves  easily,  giving  a  greenish  bead  while  hot,  which  becomes  colorless  on  cooling; 
in  U.F.  the  bead  changes  to  grayish  green,  and  on  cooling  assumes  a  violet-blue  color. 
Entirely  (lecompose<l  by  l)oiling  sulphuric. acid. 

Obs. — Occurs  in  small  crystals,  associated  with  chlorite,  and  magr)etic  iron  in  chlorite 
slate,  at  Achmatovsk,  near  Zlatoust,  in  the  Ural:  atSchelingon  in  the  Kaiserstuhl.  in  granular 
limestone;  in  the  valley  of  Zermatt,  near  the  Findelen  glacier;  at  Wildkreuzjoch,  between 
Ptitsch  and  Pfunders  iu  Tyrol.  Sometimes  noted  in  microscopic  octahedral  crystals  as  a 
rock  constituent;  thus  iu  nephelite-  and  melilite-basalts;  also  in  serpentine  (altered  perido- 
tite)  at  Syracuse,  N.  Y. 
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Knopite.  Near  peroYskite  but  contaiDs  cerium.  In  bluck  isometric  crystals.  From 
AIqO,  Sweden. 

Dysanalyte.  A  titauo-niobate  of  calcium  and  iron.  lu  cubic  crystals.  From  the 
grauular  limestone  of  Vogtsburg,  Kaiserstuhlgebirge,  Baden.  Has  previously  been  called 
perovskite,  but  is  in  fact  intermediate  between  tbe  titanate,  perovskite»  and  the  niobates, 
pyroclilore  and  koppite. 

A  related  mineral,  which  has  also  long  passed  as  perovskite,  occurs  with  magnetite, 
brookite,  rutile,  etc  ,  at  Magnet  Cove,  Arkansas.  It  is  in  octahedrons  or  cubo-octahedrons, 
black  or  brownish  black  in  color  and  submetallic  in  luster. 

See  also  the  allied  titanate,  bixbyite,  mentioned  on  p.  848. 

Oeikielite.  Magnesium  titanate,  MgTiOs.  Massive,  as  rolled  pebbles.  H.  =  6. 
G.  =  4.    Color  bluuh  or  brownish  black.     From  Ceylon. 
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Oxygen  Salts. 
8.   NIOBATES,  TANTALATES. 

The  Niobates  (Columbates)  and  Tantalates  are  chiefly  salts  of  metaiiiobio 
and  inetatantalic  acid,  RNb,0,  and  RTa,0,;  alsoinpartPyroniobates.ll.NKO., 
etc.  Titanium  is  prominent  in  a  number  of  the  species,  which  are  hence  inter- 
mediate between  the  niobates  and  titanates.  Niobium  and  tantalum  also  enter 
into  the  composition  of  a  few  rare  silicates^  as  wohlerite,  lavenite,  etc. 

The  following  groups  may  be  mentioned  : 

The  isometric  Pyrochlorb  Group,  including  pyrochlore,  microlite,  etc 
The  tetragonal  Fbrgusoi^itb  Group,  including  fergusonite  and  sipylite 
The  orthorhombic  Columbitb  Group,  including  columbite  and  tantalite 
Also  the  orthorhombic  Samarskitb  Group,  including  yttrotantalite,  samarsk 
ite,  and  annerodite. 

The  species  belonging  in  this  class  are  for  the  most  part  rare,  and  are 
hence  but  briefly  described. 

PTROOHIiORXI. 

Isometric.     Commonly  in  octahedrons;  also  in  grains. 

Cleavage :  octahedral,  sometimes  distinct.  Fracture  conchoidal.  Brittle. 
H.  =  5-5  5.  G.  =  4-2-4'36.  Luster  vitreous  or  resinous,  the  latter  on  fracture 
surfaces.  Color  brown,  dark  reddish  or  blackish  brown.  Streak  light  brown > 
yellowish  brown.    Subtranslucent  to  opaque. 

Comp.  — Chiefly  a  niobate  of  the  cerium  metals,  calcium  and  other  bases,, 
with  also  titanium,  thorium,  fluorine.  Probably  essentially  a  metauiobate 
with  a  titanate,  RNb,0,.R(Ti,Th)0,;  fluorine  is  also  present. 

The  followiug  are  analyses  by  Ratnmelsberg  : 

G.         Nb,0»     TIO,    TliO,    Ce,0,     CaO        FeO     MgO    NaO,      F 
Miask  4  3o9    |  58-19      10  47      7-56      700      14-21        184      0  22      6  01        — 

Frcdriksvarn       4228        4718      1862        —       7*80      1594      1003      019      3  12     2  90 

[ign.  1-89  =  101-52 

Obs— Occurs  in  elceolite-syenile  at  Fredrikavftm  and  Laurvik.  NorwHy;  on  the  island 
L(>vo  opposite  Brevik,  and  at  several  points  in  the  Lan^esnnd  fiord;  near  Minsk  in  the  Ural. 
Naintd  from  nvfi,  fire,  and  x^^t^oS-  green,  because  B.B.  it  becomes  yellowish  green. 

Koppite.  Essentinlly  a  pyroniobnte  of  cerhim,  calcium,  etc.,  near  pyrochlore  In 
iniiniie  brown  dodecahedrons.    O.  =  4*45-4*56.    From  Schelingen,  Kaiserstuhl,  embedded 

in  limestone. 

Hatchettolite  A  tantalo-niobate  of  uranium,  near  pyrochlore.  In  octahedrons  with 
a  (100)  and  w(311).  G  =  4-77-4'90.  Color  yellowish  brown.  Occurs  with  samarskite, 
at  the  mica  mines  of  Mitchell  Co.,  North  Carolina. 

Microlite.  Essentially  a  calcium  pyrotantalate.  CaaTaaO?.  but  containing  also  nio- 
biiiin,  tluorine  and  a  variety  of  bases  in  small  nmount.  Isometric.  Habit  octahedral ; 
crystuls  often  very  small  and  highly  modified  (Fig.  109.  p.  40)  H.  =  5  5.  G.  =5*485- 
5o62;  6  13  Virginia.  Color  pale  yellow  to  brown,  rarely  hyacinth-red  From  Chesterfield^ 
Mass..  in  albite:  Branchville.  Conn.:  UiO.  Sweden.  Also  in  fine  crystals  up  to  1  in.  iu 
diameter  at  the  mica  mines  at  Amelia  Court- House,  Amelia  Co.,  Va. 
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Pyrrhitb.  Probably  a  iiiobate  related  to  pvrocblore,  and  perhaps  identical  with 
micro! ile.  Occurs  in  minute  orange-yellow  octahedrons.  From  Alabashka,  near  Mursinka 
in  the  Ural. 


FERaUSONITE.     Tyrite.     Bragite. 

Tetragonal-pyramidiil.  Axis  k  =  1*4643.  Crystals  pyramidal  or  prismatic 
iu  habit. 

Cleavage:  t<f  (111)  in  traces.  Fracture  subconchoidal.  Brittle.  H.  =  5*5-^. 
G.  =  5*8,  diminishing  to  4%'}  when  largely  hydrated.  Luster  externally  dull, 
on  the  fracture  brilliantly  vitreous  and  submetallic.  Color  brownish  black; 
in  thin  scales  pale  liver-brown.    Streak  pale  brown.    Sub  translucent  to  opaque. 

Comp. — Essentially  a  metaniobale  (and  tantalate)  of  yttrium  with  erbium, 
cerium,  uranium,  etc.,  in  varying  amounts;   also  iron,  calcium,  etc.     Oeneral 

formula  R(Nb,Ta)0,  with  R  =  Y,Er,Ce. 

Water  is  usually  present  and  sometimes  in  considerable  amount,  but  probably  not  an 
original  constituent;  the  specific  gravity  falls  as  the  amount  increases.  Analyses  by  Ram- 
melsberg: 

0.     Nb«0»  TrtaO*  UOa   WO,  8nO«  Y,0,  Er,Os  Ce,0,  FeO  CaO  H,0 
Greenland,  Ferg.  5  577    4445      680    258    015    047    2487    9  81    7-68»  0*74   0*61    1-49 

[=  9910 

Ytterly.  ytt^.         4774    2814    2704    213     —      —     24*45   8*26      —     072   417    512 

[=  10003 

>  Incl.  6-68  Di,0,,Lu,0,. 

Obs. — From  Cape  Farewell  in  Greenland,  in  quartz;  also  at  Ytterby,  Sweden,  and 
K&rarfvet.  Tyrite  is  associated  with  euxenite  at  Humptmyr  on  the  islancf  of  TromO,  and 
Helle  on  the  mainland:  bragite  is  from  Helle,  Narestft,  etc.,  Norway. 

Found  in  the  U.  8.,  at  Rock  port,  Mass.,  in  granite;  in  the  Brindletown  gold  district, 
Burke  Co..  N.  C,  in  gold  washings;  with  zircon  in  Anderson  Co.,  S.  CaroHnu;  at  the 
gadolinite  locality  in  Llano  Co.,  Texas,  in  considerable  quantity. 

Sipylite.  A  niobate  of  erbium  chiefly,  also  the  rerium  metals,  etc.,  near  fergusonlte 
inform.  Rarely  in  octahedral  crystals.  Usually  in  irregiilar  masses.  G.  =  4'89.  Color 
brownish  black   to  brownish  orange.     Occurs   sparingly  with  allanite  in  Amherst  Co., 

Virginia. 


COLUMBITE.TANTAUTB. 

Orthorhombic.     Axes  d:h  i  t^  0-8285  :  1  :  0-8898. 

yy.      210  A  210  =  45**    0'.  ee,       001  a  021  =r  60"  40'. 

min'\  110  A  110  =  79'  17'.  ao,      100  a  111  =  51"  16'. 

g^,      130  A  180  =  43'*  50'.  cu,      001  A  188  =  48*'  48'. 

ck,        001  A  103  =  19"  42'.  uu\    133  A  133  =  29"  57'. 

cq,        001  A  023  =  30'  41'.  -mm"'.  133  a  1S3  =  79'  54'. 

Twins:  tw.  pi.  6?  (021)  common,  nsnally  contact-twins,  heart-shaped  (Figs. 
347,  p.  118),  also  penetration-twins;  further  tw.  pi.  q  (023)  rare  (Pi^.  404,  p! 
281).  Crystals  short  prismatic,  often  rectansrnlar  prisms  with  the  pir.acoids, 
n  h  c,  prominent;  also  thin  tabular  ||  n\  the  pyramids  often  but  sli^htlv 
developed,  sometimes,  however,  acutely  terminated  by  u  (133)  alone.  Also  in 
large  groups  of  parallel  crystals,  and  massive. 

Cleavage:  a  rather  distinct;  h  less  so.  Fracture  subconchoidal  to  uneven. 
Brittle.  H.  =  6.  G.  =  5-3-7-3,  varying  with  the  composition  (see  below)! 
Luster  submetallic,  often  very  brilliant,  sub-resinous.    Color  iron-black,  grayish 
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and  brownish  black,  opaque;  rarely  reddish  brown  and  translucent ;  frequently 
iridescent.     Streak  dark  red  to  black. 


924. 


925. 


926. 


i^^^ 


7i 


m 


MiddletowD. 


Black  Hills. 


Qreenland. 


Comp.,yar. — Niobate  and  tantalate  of  iron  and  manganese,  (Fe,Mn)(Nb,Ta),0„ 
passing  by  insensible  gradations  from  normal  Golumbite,  the  nearly  pure 
niobate,  to  normal  Tantalite,  the  nearly  pure  tantalate.  The  iron  and  man- 
ganese also  vary  widely.  Tin  and  wolfram  are  present  in  small  amount.  The 
percentage  composition  for  FeNb  0,  =  Niobium  pentoxide  82'7,  iron  protoxide 
17-3  =  100;  for  FeTa,0,  =  Tantalum  pentoxide  861,  iron  protoxide  13*9  =  100 

111  some  vtirieties,  manganocolumbite  or  manganotanttUite,  the  iron  is  largely  replaced  by 
manc::inesc. 

The  connection  between  the  specific  gravity  and  the  perceutage  of  metallic  acids  is  showQ 
in  the  following  table  : 


G. 

Ta,0. 

G. 

Ta.O» 

Greenland 

5-36 

3-8 

Bodenmais 

5-92 

27  1 

Acworth,  N.  H. 

5*65 

15-8 

Haddam 

605 

30-4 

Limoges 

6-70 

13-8 

Bodenmais 

6-06 

35-4 

BcHienmais  (Dianite) 

5-74 

18  4 

Haddam 

618 

815 

Haddam 

6-85 

100 

Tantalite 

703 

65-6 

Diff. —Distinguished  (from  black  tourmaline,  etc.)  by  orthorhombic  cnrstalHzation, 
rectangular  forms  common;  high  specific  gravity;  submetallic  luster,  often  with  iridescent 
surface;  cleavage  much  less  distinct  than  ^r  wolframite. 

Pyr. ,  etc. — For  tantalite.B. B.  nlone  unaltered.  With  salt  of  phosphorus  dissolves  slowly, 
giving  an  iron  ghiss.  u  hich  in  R.F.  is  pale  yellow  on  cooling;  treated  with  tin  on  charcoal 
it  becomes  green.  Decomposed  on  fusion  with  potassium  bisulphate  in  the  platinum  spoon, 
and  gives  on  treatment  with  dilute  hydrochloric  acid  a  yellow  solution  and  a  heavy  white 
powder,  which,  on  addition  of  metallic  zinc,  assumes  a  smalt-blue  color;  on  dilution  with 
water  the  blue  color  soon  disappears.  Columbite,  when  decomposed  by  fusion  with  caustic 
potash,  and  treated  with  hydrochloric  and  sulphuric  acids,  gives,  on  the  addition  of  zinc,  a 
blue  color  more  lasting  than  with  tnntalitc.  Partially  decomposed  when  the  powderod 
mineral  is  evaporated  to  dryness  with  concentrated  sulphuric  add.  its  color  is  changed  to 
white,  light  jrray.  or  yellow,  and  when  boiled  with  hydrochloric  acid  and  metallic  zinc  it 
gives  a  beantifui  blue. 

Obs  — Columbite  occurs  at  Rnbenatein  and  Bodenmais,  Bnvaria.  in  granite;  Tammela, 
in  Finland:  Chanteloube.  near  Limocrps.  in  neematite  with  tantalilc;  near  Miask.  in  the 
Ilmen  Mts..  with  sjimarskite;  in  the  eold-washinirs  of  the  Sanarka  region  in  the  Ural;  in 
Greenland,  in  cryoli»e.  at  Ivietut  for  EvicrtokV  in  brilliant  crystals. 

[u  the  United  8tate«».  in  Maine,  at  Standish.  in  splendent  crystals  in  granite;  also  at 
Stoneham  witli  cfls.siteriie.  etc.  In  JV,  Rimpnhire,  at  Acworth.  at  the  mica  mine.  In 
Maes.,  at  Chesterfield;  Nortlifleld.  Mass  In  ConnecUevt,  nt  Haddam,  in  a  granite  vein; 
near  Middletown:  at  Branchville.  Fairfield  Co.,  in  a  vein  of  albitic  granite,  in  large  crystals 
and  aggregates  of  crvstals,  also  in  minute  translucent  crystals  (manganocolumbite),  upon 
•podumene.    In  N.  York,  at  Greenfield,  with  cbrysobery].    In  Penn.,  Mineral  Hill.  Dela- 
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ware  Co.  Id  Virginia,  Amelia  Co.,  in  fine  splendent  crvstals  with  microlite,  mouazite,  etc. 
In  N.  Carolina,  with  samarskite  at  the  mica  mines  of  Mitchell  Co.  In  Colorado,  ou  micro- 
cHue  at  the  Pike's  Peak  region;  Turkey  Creek,  Jefferson  Co.  In  8,  Dakota,  \u  the  Black 
Hills  region,  common  in  the  granite  yems.    In  California,  King's  Creek  distr.,  Fresno  Co. 

Mangantantalite  (NordenskiOld)  from  UtO,  Sweden,  occurs  with  pctalite,  lepidolite, 
microlite,  etc.  Manganotantalite  (Arzruni)  is  from  gold-washings  in  the  Sanarka  region  in 
the  Ural. 

Massive  tan talite  occurs  in  Finland,  in  Tammela,  at  Hftrkftsaari  uearTorro;  in  Kimito,  at 
BkogbOle;  in  Somero  at  Kaidasuo,  and  in  Euortane  at  Katiuhi,  with  lepidolite,  tourmaline, 
and  beryl;  in  Sweden,  nenr  Falun,  at  Broddbo  and  Fiubo;  in  France,  at  Chanteloube  near 
Limoges,  iu  pegmatite.  In  the  U.  8..  in  Tancey  Co.,  N.  C;  Coosa  Co.,  Ala.;  also  in  the 
Black  Hills,  S.  Dakota. 

SkoobOlite  is  essentially  FeTa«Oe.  like  normal  tantalite,  but  occurs  in  prismatic  crystals 
of  different  angles;  the  prism  is  near  that  of  samarskite.  From  Hftrk&saari  in  Tummela, 
Finland;  also  from  Skogb(Me  in  Kimito.  Ixiolitb,  from  SkogbOle,  is  a  niobo-tautiilaie  of 
iron  and  manganese:  also  containing  tin;  relations  doubtful. 

Tapiolite.  Fe(Ta,Nb)30c.  Like  tantalite.  but  occurring  in  square  octahedrona. 
G.  =  7  496.    Color  pure  black.    From  the  Eulmala  farm,  Tammela,  Finland. 


YTTROTANTALTPB. 

Orthorhombic.  Axes  &  il :  i=  0*5412  :  1 :  1*1330.  Crystals  prismatic^ 
mm'"  =  56^  50'. 

Cleavage:  b  very  indistinct.  Fracture  small  conchoidal.  H.  =  5-5"5. 
G.  =  5'5-5'9.  Luster  submetallic  to  vitreous  and  greasy.  Color  black,  brown, 
brownish  yellow,  straw-yellow.  Streak  gray  to  colorless.  Opaque  to  sub- 
translucent. 

u  III  n  in 

Comp.— Essentially  RR,(Ta.Nb),0„  +  4H,0,  with  E  =  Fe,  Ca,  R  =  Y,  Er, 
Ce,  etc.    The  water  may  be  secondary.     Analysis  by  Ram melsberg: 

Ta,0»    Nb,0»  WO,    SnO,    Y,0.  Er,Os  Ce,0,    UO,    FeO     CaO     H,0 
G.  =  5-425    I  46  25     12  82      2  86      112      10  52     6-71     222      161      3  80     5-78     681 

[=  »8-95 

The  so-called  yellow  yttrotan talite  of  Ttterby  and  K&rarfvet  belongs  to  fergusonite. 

Obs.— Occurs  in  Sweden  at  Ytterby,  near  Vaxholm,  in  red  feldspar;  at  Finbo  and 
Broddbo,  near  Falun. 


8AMAR8EITB. 
927. 


o. 
N.  Carolina  5-839 
Miask  5-672 


Orthorhombic.  Axes  «  :  J  :  (5  =  0-5456  :  1 : 0'5178.  Crys- 
tals rectangular  prisms  (o,  b),  with  e  (101)  prominent. 
Angles,  mm'''  =  f>T  14';  ee'  =  87°.  Faces  rough.  Com- 
monly massive,  and  in  flattened  embedded  grains. 

Cleavage:  b  imperfect.  Fracture  conchoidal.  Brittle. 
H.  =  5-6.  G.  =  5-6-5*8.  Luster  vitreous  to  reshious, 
splendent.  Color  velvet-black.  Streak  dark  reddish  brown. 
Nearly  opaque. 

n  in  n 

Comp.— R,R,(Nb,Ta),0„  according  to  Rg.,  with  B  =  Pe, 

Ca,  TJO,.  etc.;   R  =  cerium   and   yttrium    metals  chiefly. 
Analyses  by  Rammelsberg: 

Tft«0»  Nh,05  8nO,.WO,  UO,  OjO,«  YjO,  EfaO,   FeO 
14-36  4l'07  016   1090  2  37  6  10  10*80  14-61 
I  __   5534  0  22   11-94  4  83  8-80   8-82  14-80 

•  Incl.  DI,0„La,0,.       *  Ind.  SIC,. 


A 


TIO, 
0-5#»  = 
108  = 


100-98 
99  88 


NIODATKS,  TAKTALATB3. 


^  rs,  cracks  opeu,  aod  [urns  black.  U.B. 
fuses  on  tbe  edees  to  a  black  gloss.  Wltb  iiaU"of  phoepborus  In  boili  flumes  au  emerald- 
green  bead.  Wilb  soda  yielda  •  muDgairege  reacilon.  Decomposed  dd  fusiuo  witli 
polaaalum  blsiilpliatt,  yieldfog  a  yellow  muss  wbicli  on  treatment  wiiti  dilute  bydrocbltirlc 
acid  separates  while  tantallc  add,  and  ua  bolUug  witb  metallic  ziuc  gives  a  Que  blue  cuiur. 
Id  powder  sufflcieotlv  decuiuposed  ou  boiling  witb  concentriile<l  aulpLuric  acid  tu  give  lUu 
blue  reduction  test  wlieu  tbe  acid  Quid  is  treated  with  metiillic  zinc  or  tin. 

Obi.— Occurs  ill  reddish  brown  feldspar,  wllli  sschynlte  nud  columliile  iu  tlie  Ilmea 
mouniaius.  near  Miaak.  Id  tbe  Uofted  Biates,  nitber  abundant  and  sometimes  iu  large 
maues,  up  to  20  lbs.,  at  Ibe  mica  miues  In  Mitchell  Co.,  N.  C'Hraliua,  iulimi<telr  asaociuieJ 
with  columbite;  sparingly  elsewhere. 

Annerfidlte.  Ease^Blly  a  pyro-Qlobate  of  uranluin  and  yltrluiii.  Iu  prismatic  crystals, 
oflfn  resembling  columbite.  H  =  0.  G  =  57.  Color  black.  From  the  pegmatite  vein 
at  AunerOd,  near  Hoa^'Worway. 

Hielmite.  A  staun^tantalnte  (and  nlobale)  of  yttrium,  irou.  mangauese,  calcium. 
Crystals  (orttiurbomblc)  iiBunlly  rougb;  massive.  O.  =  5'S3.  Color  pure  black.  From 
Uie  E&rarf*et  mine.  FaluD.  Bwedeu, 


JEIachjrnlte,  A  niobate  and  lilauatc  (iboratei  of  the  cerium  metals  cbietly.  also  Id  smal'. 
nraounl  irou,  calcium,  etc.  Crystals  pristnaiic.  ortliorbombic.  Fracture  small  concboldaL 
Brittle.  H.  =5-6.  0.  =  4  »3  HtllerO:  5168  Miask.  Lusut  Biibmeiailio  to  resiuoUB. 
nearly  dull.  Color  nearly  black,  iiicliuiug  lo  browuish  yellow  when  IrunaluceDl.  Auulysts 
by  Hniiimelsberg 

Nb,0,  TIG,    TiiO,    Ce,O,.I.a,(Dl,)0,  y,0,,(Er,G,)      FeG    CaG 
a.  =OIOe    32  51     31-30     IT'55  16  41  810  334    2-50  =  9»'61 

From  Hiask  Id  tbe  Ilueu  Mta..  Id  feldspar  with  mica  and  zlrcou;  also  with  euclane 
In  the  i!Olii  sands  (>f  the  Orenbiiis  District.  Southern  Ural,  From  HitlerO,  Norway.  Named 
from  ttiaivyn.  ihatnt.  by  Berzelius.  in  allusion  to  the  Inability  of  chemical  science,  at  the 
time  of  its  discovery,  to  sepiinue  some  of  its  coustltueuts. 

Polymignlte.  A  niobate  and  tilanate  (zirconnte)  of  tbe  cerium  metnis,  iron,  calcium. 
Crystals  slender  prisms,  venically  striated.  O.  =  4-77-485.  Color  black.  Occurs  at 
Fredriksvftro,  Norway. 

Buxenite.      A  ninbnte  and  tltHtinte  of  yttrium,  erbium,  cerium  and  uranium.     Crystals 


ily  massive.      H.  =  BIS. 


4  7-5-0.    Color  brownish  black.    Analysis  bj 


RBiumelsberg. 

Q.       Nl.,0.       TIG, 
Alve            5  00       »5-0g        21  IS 

T,0.       Er,0, 
27-48        340 

Ce.G.      UG. 
817        4-78 

PeO     H,0 

1-88      3-68 

Occurs  at  JUlsler  iu  Norway;  u 

ear  Tvedestrarrt; 

at  Alve.  etc  ,  nei 

»r  Arendal. 

Polyorua.  A  uiobatu  and  titftJinte  of  yttrium,  erbium,  ce  lura,  uranium, 
likeeuieuite.  Crystals  lldn  prismallc,  ortborliombic.  Fmcture  conchoidal. 
H,  =5-6.  G  -4  97-1-04.  Luiter  vitreous  to  resinous.  Color  black, 
brownish  in  s)<linierj.  Analyses:  1,  Macklnlosh;  3,  Hidden  and  Rammels- 
berg. 


HltLer6 


)  2-72     4 


•ALwRht  lis  'CO, 

(>om  HiltevO.  Norway.  In  gmiiite  with  Kadollnite:  at  Slftttftkra.  SmAland, 
Sweden.  In  tbe  U.  Stnteii,  in  N.  Cnrolina.  In  llie  eold-wnshin)CB  on  Daria 
bind,  Hendei-soii  Co.  with  zircon,  monazite,  xpuoiime,  magnwlle;  also  Id 
8.  Carolina,  four  milpa  frnm  Mnrietta  to  Greenville  Co.  Named  from 
xuAvi,  many,  and  lepdaii.  mixture. 


DBSCRIPTITE   UINERALOOY. 


Oxygen  Salts. 


4.  PHOSPHATES,  ABSEITATES,  VANIADATES, 
AXTTnaOHATEa 

A.  Anhydrous  Phosphates,  Arsenates,  Vanadates,  Anitmonates. 

Normal  phosphoric  acid  is  H,PO„  and  consequently  normal  phosphates 

have  the  formiilfls  R,PO„  R,(POJ,  and  llPO^,  aud  aimilarly  for  the  arse- 
nates, etc.  Only  a  comparatively  small  number  of  species  couform  to  this 
simple  formnla.  Most  spticies  coLtain  more  than  one  metallic  eloment,  and  in 
the  prominent  Apatite  broup  the  radical  (CaF),  (CaCl)  or  (PbCl)  enters; 

in  the  Wagnerite  Group  we  have  similarly  (RF)  or  (ROU). 


ZBNOTIME. 
Tetragonal.     Axis  d  =  06 

93a 


^ 


z'  (111  A  111)  =  55°  30',  2s"  (111  A  III) 
=  82°  23'.  In  crystals  resembling  zircon  in  habit; 
sometimes  compounded  with  zircon  in  parallel  position 
(Fig.  314,  p.  131).     In  rolled  grains. 

Cleavage;  m  perfect.  Fracture  nneven  and  splint- 
ery. Brittle.  11.  ^  4-5.  G.  =  4  45^  50.  Ltister 
resinoHH  to  vitreous.  Color  yellowish  brown,  reddish 
brown,  hair-browti,  flesh-red,  grayish  white,  wine-yellow, 

g»le  yellow;  streak  pale  brown,  yellowish  or  reddish, 
paqiie.     Optically  +■ 
Comp — Essentially  yttrium    phosphate,   YPO,    or 
y:;;^>-y    \A— 7/  Y,O..P,0,  =  Phosphoma  pentoxide    38-6,  yttria    61-4 
^V^       ^V^     =  100.    The  yttrium  metals  may  include  erbium  in 
large  amount;  cerium  is  sometimes  present;  also  silicon 
and  thorium  as  in  monazite. 

Pyr.,  •tc.— B  B.  Infiisihle  When  mnisrened  with  nulpliiiHc  field  colore  th«  flatna 
bluish  crei-D.     Difflciillly  Bolnble  in  uiU  of  phnaphonia.     Inanliihle  in  ncide. 

IMff—Ri-gembles  zircon  hi  ilsletmgODnl  form,  but  distinguished  by  inferior  hardoew 
and  pprfpct  prismntic  clenTSfK- 

Obs. — Occurs  as  iid  accesHory  mineral  in  grnnit«  veitis:  somelimeB  in  mlniilc  einb<>ilded 
cryatiils  generally  distrlhutprt  In  ETnnllic  nncl  gnelssold  rocks,  Fouik)  at  HttlerA;  at  Hosa, 
KmgerO.  anil  from  pecmnltte  veiim  nl  otiier  points  in  Norway;  nt  Tllerl>y.  Sweden;  tbe 
Ubia  Berg.  S.W.  from  Si.  Gotharrt  and  the  Binnenthal,  Switzerland.  An  accessory  con- 
Eliluent  In  Ihe  miiscoTile-);riinire9  nf  Bnizil. 

In  tlie  United  Slnres,  in  Hie  pold  washlnc*  of  Clnrk«vil!e.  0''orgia:  In  N,  Cnrolln*. 
]Iurke  Co. .  Henrlereon  Co  .  Mltrliell  Co. ;  in  brilliant  cryitals  in  Alexnnder  Co.  wilb  ruttle, 
etc.;  with  tysoolte  near  Pike'H  Peak,  Colcmdo;  rare  on  New  York  Island. 


PH08PHATBS,  ABSBNATES,  ETC. 


UONAZmi. 

Monoclinic. 


Axes  h  -.t 


100  a  101  =3i)-  vn'. 
iOO  A  iOI  =  58°  31". 


TO',  ill  A  ill  =  '('B°  19". 
Crystals  c  o  m  id  o  n  I  y 
small,  often  flattene<L|  a  or 
eloiiguted  |  axis  b;  some- 
times prismatic  by  extcri- 
siou  of  I'  (111)  (Fig.  324, 
p.  IU2);  ulso  large  and 
coarse.  In  masses  yielding 
angular  fragments;  in  rolled 
grain 


Norwicb,  Ct, 


BwhzeriuKl. 


Cleavage:   c  sometimes  perfect  (parting?' 
sometimes  sliowiiig  parting  \  c,  ni.     Fractnre 


I;  also,  a  distinct;   b  diflicnit; 

conchoidal  to  uneven.     L'-rittle. 

H.  =  5-5'5.     G.  =  4-9-5'y;  mostly  .10  to  5*2.     Lneter  inclining  to  resinous. 

Color  hyacinth-red,  clove-brown,  reddish  or  yellowish  brown.     Sub  transparent 

to  subtranslucent.     Optically +.     Ax.   pi    X  6  and   nearly   J  d.     Bx,  At^  = 

-|-  1°  to  4°.     Dispersion  ^  <  i'  weak;  horizontal  weak.     2E,  =  29°  to  31°. 

Comp. — Phosphate  of  the  cerium  metals,  essentially  (Ce,La,Di)PO,. 

Mo^l  anitlyws  show  the  preseuce  of  TliOi  and  SiOi,  iiaually,  but  not  Hlways.  in  Ihe 

S roper  ami'iiiit  to  form  iLoHum  sllicale;  tliiit  Ihis  is  mecbaulcallj  pretent  is  uot  certain 
lit  possible.    Typical  aualywe:  1,  Blomstrand;  3,  PinQcld. 

O      P.O.    Cp,0,  l,a,0,  Y,(Er),0,  SiO,    TbO. 

1.  Areadal  5  15    27-5-.    20  20    26-26        3  S3       1-86     9-57      X  284  =  10060 

2.  BurkeCo.,  N.  C.    5  10    2928    3138    3088  —         140     6  49    iKuO-20=   99*68 

X  =  Fe,0, 113,    C8O0  89.    11,0  0  53. 

Pyr..  etc. — B  B  iorusilile.  tiirO''  gny.  aikI  wlien  moUleii<.-il  wliii  sulpiiuric  acid  colors 
Ihc  tlamc  bluish  green  Willi  lior»i  givi'n  n  bead  yeiUiw  wlille  hot  and  colorless  on 
coolliie;  a  Bttlurateu  bead  becumeK  etmniel-wtilli:  on  flnmltig  Dliricullly  soluble  in  liydro- 
cbloric  acid. 

Ob*.— Rnllier  Rbundiinlly  diMri billed  ai  sn  Rr<!ea8(>ry  constliiiciit  of  gaeissoid  rocks  in 
cerlain  rcgious,  tbiis  \a  Norili  Cnmllan  and  Brazil.  Occurs  i.eiir  ZlaKiusi  lo  Ibe  llniea 
Mu..  In  granite.  In  Norwiiy.  near  Aittiidiil,  anil  nt  AnnerOd.  Ic  small  \e1low  or  brown 
crystals  llurnerile)  in  Daiiphinl  and  Bwltzcrlaod.  Pniind  a1si>  iu  the  gold  wasbings  of 
Aiilioqiiia;  in  tbe  dinmoi id  gravels  of  Brazil. 

In  tbe  United  States  formerly  fmind  with  the  sFIIimanlte  o'  Norwicb,  Conn.;  also  at 
Yorktown,  N.  Y.  In  larfce  cniLrw  crystids  mid  masses  In  slbiiic  cmni'e  with  microliie,  etc., 
at  Amelia  Court-Hoiise.  Virginia.  In  Alexauder  Co..  N.  Cnrnllnn.  io  splendent  i  rysiali; 
In  Mitchell.  Madison.  Burke,  and  McDowell  counties,  olilalncd  in  iiirge  quantliies  in  rolW 
gnins  by  washing  the  j^ravels. 

Monnzlle  Is  named  from  wiyii^t^"'.  ("  ^  loliturg,  in  n1lu«inn  lo  it.i  nire  occurrence. 

Cryplolile  occurs  in  wlne-yi'llow  prisms  and  jiiKius  in  the  prsen  and  red  apatite  of 
Arendat.  Norway,  and  Is  dlscoveri^d  on  putting  ibe  iipatite  iu  dilute  nitric  acid.  It  is 
proliahly  monazlie. 

Barielilte.  R,Ab,0.(I{  =  Ca.Mc.Hn)  Isometric,  nixially  mas<iTe.  O  =4  03.  Color 
briglit  vellow.  From  LJngban,  Sweden.  I^rrAitrnenllt  from  the  SJO  mines.  Sweden,  coii- 
fiiitis  also  ant  in)  nny:  color  yellowish  red.  Caryiniie,  aasociuled  with  berzelllte,  is  relatid, 
but  contains  lead;  massive  (monocUuic) 
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Monimolite.  An  antimonate  of  lead,  irou,  and  sometimes  calcium;  in  part,  RaSbaOt. 
Usually  in  ocUihedrons;  massive,  incrusting.  G.  =  6  58.  Color  yellowish  or  brownish 
green.     From  the  Harstig  mine,  Pujsberg. 

Oarminite.  Perhaps  PbsAssOe.l0FeABO4,  In  clusters  of  fine  needles;  also  in  spheroi- 
dal forms.  G.  =  4105.  Color  carmine  to  lile-red.  From  the  Luise  mine  at  Horhausen, 
Nassau. 

Pucherite.  Bismuth  vanadate,  BiVOt.  In  small  orthorhombic  crystals.  H.  =  4. 
Q.  =  6  249.     Color  reddish  brown.     From  the  Pucher  Mine,  Schueeberg,  Saxony. 


Trlphylite  Group.     Orthorhombic. 

d  :  h  :  d 

Triphylite  Li(Fe,Mn)PO,  04348  :  1  :  0-5265 

Lithiophilite  Li(Mn,Fe)PO, 

Natrojhilite  NaMnPO, 

Orthophosphates  of  an  alkali  metal^  lithium  or  sodium,  with  iron  and  man- 
ganese. 

TRIPHYLITE-LITHIOPHIIJTI]. 

Orthorhombic.  Axes  d  :  h  :  d  =  0*4348  :  1  :  0'5265.  Crystals  rare,  usually 
coarse  and  faces  uneven.     Commonly  massive,  cleavable  to  compact. 

Cleavage:  c  perfect;  b  nearly  perfect;  m  interrupted.  Fracture  uneven  to 
subconchoidal.  H.  =  4  5-5.  G.  =  3*42-3 '56.  Luster  vitreous  to  resinous. 
Color  greenish  gray  to  bluish  in  triphylite;  also  pale  pink  to  yellow  and  clove- 
brown  in  lithiophilite.  Streak  uncolored  to  grayish  white.  Transparent  to 
translucent. 

Comp.,  Var. — A  phosphate  of  iron,  manganese  and  lithium,  Li(Fe,Mn)PO^, 
varying  from  the  bluish-gray  triphylite  with  little  manganese  to  the  salmon- 
pink  or  clove-brown  lithiophilite  with  but  little  iron. 

Typical  Triphylite  is  LiFePO*  =  Pho«sphoru8  pentoxide  450.  iron  protoxide  45*5,  litliia 
9\>=  100.  Typical  LWiiophilite  is  LiMnPO*  =  Phosphorus  peuloxide  45-3.  manganese 
protoxide  451.  lithia  9  6  =  100      Both  Fc  and  Mn  are  always  present. 

Pyr..  etc.— Ill  the  closed  tube  sometimes  decrepitates,  turns  to  a  dark  color,  and  gives 
off  traces  of  water.  B.B.  fuses  at  1-5.  coloring  the  flame  beautiful  lithia-red  in  streaks, 
with  a  pale  bluish  green  on  tlie  exterior  of  the  cone  of  flame.  With  the  fluxes  reacU  for 
iron  and  manganese;  the  iron  reaction  is  feeble  in  pure  lithiophilite.  Soluble  In  hydro- 
chloric acid. 

1  9^«~^'^*P'*y(j;^^^^  often  nssocin'pd  wfh  «»^^dnm^np:  occurs  a^  Rabenstein.  near  Zwie- 
sel.  in  Bavaria;  KeityO  Finlnn,!:  Norwich  Mas^.;  Pphi.  Me  :  Grafton,  N.  H.  Named 
ixomToi.   threefold,  and  <OvXv.  family  in  nIlu«*ion  to  its  containine  thrre  phosphates. 

UViPyphUiU  occurs  at  Branchville,  FairflHd  Co  .  Conn.,  in  a  vein  of  nlMtic  ffrsnite,  with 
Xl Js'/rt^lad'''"'''''"^*®  phosphates,  etc. :  also  at  Norway.  Me.     Named  from  lithium  and 

NatrophiUte,  NaMnPO,  Near  trinhvHtp  in  form.  Chleflv  mswive.  cl^avsblP. 
fleld"co    Conn    "^  w^ne-yellow.     Occurs  sparingly  at  Branchville,  P^ir- 

Beryllonite.  A  phnsphnte  of  «odlnm  and  boryllfum.  NaBePO*.  Crystals  short  pris- 
matic  to  tabular  orthorhombic.  H.  =  .5-5.«  G  =  2  »4n.  Luster  vitrebus;  on  c  pearly. 
Coloriess  to  white  or  pale  yellowish.    Prom  Stoneham.  Maine 


PHOSPHATES,  ARSENATES,  ETC. 
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Oeneral  formula 
Apatite 

Pyromorphite 

Mimetite 

Vanadinite 


Apatite  Group. 

R.(F,C1)[(P,A8,V)0.].  =  {R(F.C1))B,[(P,A8,V)0J,; 


(CaF)Ca.(PO,). 
or  (CaCl)Ca,(PO.). 
(PbCl)Pb.(PO,) . 
(PbCl)Pb,(A80,). 
(PbCl)Pb,(VOJ. 


Fluor-apatite 
Chlor-apatite 


t  =  0-7346 

0-7363 
0-7224 
0-7122 


In  addition  to  tbe  above  species,  there  are  also  certain  interinediatc  compounds  coDtain- 
iog  lead  and  calcium;  others  with  phosphorus  and  arsenic,  or  arsenic  and  vanadium,  tis 
noted  beyond.  Further  tbe  rare  calcium  arsenate,  Svabite,  also  seems  to  belong  in  this 
group. 

The  species  of  the  Apatite  Group  crystallize  in  the  hexagonal  system, 
but  all  show,  either  by  the  subordinate  faces,  or  in  etching- figures,  that  they 
belong  to  the  pyramidal  group  (p.  71).  They  are  chemically  phosphates, 
arsenates,  vanadates  of  calcium  or  lead  (also  manganese),  with  chlorine  or 
fluorine.  The  latter  element  is  probably  present  as  a  univalent  radical 
CaF  (or  CaCl),  etc.,  in  general  RF  (or  RCl),  replacing  one  hydrogen  atom  in 

I  n        n 

the  acid  R,(POJ„  so  that  the  general  formula  is  (RF)R^(POJ„  and  similarly 
for  the  arsenates.  This  is  a  more  correct  way  of  viewing  the  composition  than 
the  other  method  sometimes  adopted,  viz.,  3R,(P0  J,.RF„  etc. 


APATITE. 

Hexagonal-pyramidal.    Axis  d 

933.  934. 


f^K 


n 


m 


tn 


936. 


n\  0001  A  1012  =  22"  S^. 

rx,  0001  A  1011  =  40'  18'. 

rv.  0001  A  2021  =  59'  20'. 

rr',  1012  A  0112  =  22"  31'. 


flo',  1011  A  0111  =  87"  441'. 
t/,   1121  A  1211  =  48"  50'. 
mM,  1010  A  2l3l  =  80*  20*. 
m$,    1010  A  1121  =  44"  17'. 


937. 


Crystals  varying:  from  long  prismatic  to  short  prismatic  and  tabular.  Also 
globular  and  reniform,  with  a  fibrous  or  imperfectly  columnar  structure; 
massive,  structure  ^annlar  to  compact. 

Cleavasre:  c  imperfect;  m  more  so.  Fracture  conchoidal  and  uneven. 
Brittle.  H.  =  5,  sometimes  45  when  massive.  G.  =  3-17-3-23  oryst.  Luster 
vitreous,  inclining  to  subresinous.  Streak  white.  Color  usually  sea-green, 
bluish  green;  often  violet-blue;  sometimes  white;  occasionally  yellow,  e^ray, 
red,  flesh-red  and  brown.  Transparent  to  opaque.  Optically—.  Birefrin- 
gence low.     coj  =  1*6461,  €j  =  1*6417. 
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Var. — 1.  Ordinary.  Crystallized,  or  cleavable  and  grauular  massive.  Colorless  to 
greeu,  blue,  yellow,  Hesh-red.  (a)  The  a$pitragu$'Btoiu,  orleiually  fi-om  Murcia.  Spaiu,  is 
ycllowisb  greeu.  Moroxite,  from  Areudul,  is  in  greeuisb  olue  imd  bluish  crystals,  (b) 
Lamrap^Uite  is  a  sky-blue  variety  witb  lapis-lazuli  in  Siberia,  (e)  Franeoliie,  from  Wheal 
Frauco,  near  Tavistock,  Devoushite,  occurs  iu  small  crystalline  stalactitic  masses  and  in 
minute  curving  crystals. 

Ordiuary  apatite  v&fluor'apaiUe.  contaiuing  fluorine  often  with  only  a  trace  of  chlorine, 
up  to  0  5  p.  c;  rarely  chlorine  preponderates,  aud  sometimes  fluorine  is  entirely  absent. 

2.  Manganapaiite  contains  maugauese  replacing  calcium  to  10*5  p.  c.  MnO;  color  dark 
bluish  grceii. 

'6.  J^iOrous,  concretionary,  italftctitic,  P/iosp/iorite  iucludes  the  fibrous  concretionaiy 
an(T  partly  scaly  nnuerul  from  Estreuiadura,  Spaiu,  aud  elsewhere.  Eupyrc?iroiie,  from 
Crown  Poiui,  N.  Y.,  belongs  here;  it  is  concentric  in  structure.  Staffelite  occurs  incnist- 
iug  the  pho$^phorite  of  Stalfel  in  botryoidal,  reniform,  or  stalactitic  masses,  fibrous  aud 
raaiaiing.     See  p.  499. 

4.  Earthy  apatite;  Osteolite.  Mostly  altered  apatite ;  coprolites  are  impure  calcium 
phosphate. 

Comp.— For  Fluor-apatite  (CaF)Ca,(PO J, ;  and  for  CJilor-apatiie 
(CaCl)  Ca,(POJ,;  also  written  3Ca.P,0.  +  CaF  and  3Ca,P,0,  +  CaCl,. 
There  are  also  intermediate  compounds  containing  both  fluorine  and  chlorine. 
The  percentage  composition  for  these  normal  varieties  is  as  follows: 

Fluor  apatite    PaO»  42  8    CaO  55*5    F  3*8  =  101  6    or  Ca,PaO«  92-26    CuP,    7  76  =  100 
CJilor-apatita     PaO»  41  0    CaO  63  8    CI  6  8  =  1016    or  Ca,P,0.  89*4      CaCU  10  6  =  100 

Fluor-apatite  is  much  more  common  than  the  other  variety;  here  belones  the  apatite  of 
the  Alps,  Spain,  St.  Lawrence  Co.,  N.  Y.,  Canada.  Apatites  in  which  chlorine  is  prom- 
iuent  are  rare;  this  is  true  of  some  Norwegian  kinds. 

Pyr.,  etc.— B.B.  iu  the  forceps  fuses  with  difficulty  on  the  edges  (F.  =  4  5-6),  coloring 
the  flame  reddish  3'ellow;  moistened  with  sulphuric  acid  and  heated  colors  the  tianie 
pale  bluish  green  (phosphoric  acid);  some  varieties  reaf  t  for  chlorine  with  salt  of  phos- 
phorus, when  the  bejEtd  has  been  previously  saturated  with  copper  oxide,  while  others  give 
fluorine  when  fused  with  this  salt  in  an  open  glass  tube.  Gives  a  phosphide  with  the 
sodium  test.  Dissolves  in  hydrochloric  and  nitric  acids,  yielding  with  sulphuric  acid  a 
copious  precipitate  of  calcium  sulphate:  the  dilute  nitric  acid  solution  gives  with  lend 
acetate  a  white  precipitate,  which  B.B.  on  charcoal  fuses,  giving  a  globule  wiih  crystalline 
facets  on  cooling.     Some  varieties  of  apatite  phosphoresce  on  heating. 

Diff.— Characterized  by  the  common  hi  xngonnl  form,  hut  softer  than  beryl,  being 
scratched  by  a  knife;  does  not  effervesce  iu  acid  (like  calcite);  diflicultly  fusible;  yields  a 
green  flame  B.B.  after  being  moistened  with  sulphuric  acid. 

Recognized  in  thin  sections  by  its  moderately  high  relief:  extremely  low  birefringence 
(hence  not  often  showing  a  distinct  axial  figure  in  basal  sections),  the  interference  colors 
in  ordinary  sections  scarcely  rising  al)ove  gray  of  the  first  order;  parallel  extinction  and 
negative  extension ;  columnar  form :  lack  of  color  and  cleavage;  and  by  the  rude  cn)S8  parting 
seen  as  occasional  cracks  crossing  the  prism. 

ObB.— Apatite  occurs  in  rocks  of  various  kin^^s  and  ages,  but  is  most  common  in  met:  - 
morphic  crystalline  rocks,  especiallv  in  granular  limestone  and  in  many  metttlliferoias 
veins,  particularly  those  of  tin.  in  gneiss,  svenite.  hornblendic  gneiss,  mica  schist,  beds  of 
iron  ore;  occasionally  in  serpentine  In  the  form  of  minute  microscopic  crystals  it  has  an 
almost  universal  distribution  as  a  rock-forming  mineral.  It  is  found  in  all  kinds  of  igneous 
rocks  and  is  one  of  the  earliest  products  of  crvstallization.  In  larger  crystals  it  is  especi.-.lly 
characteristic  of  the  pegmatite  facies  of  igneous  rocks,  particularly  the  gi*aniies.  and  occurs 
there  associated  with  quartz,  feldsp.ar.  tourmaline,  muscovite.  ^^ryJ-  e|<^-  .J*  is  sometimes 
present  in  ordinary  stratified  limestone.  bed«  of  sa»'dstone  or  shale  of  the  Siluran.  Caibon- 
iferous,  Jurassic.  (Cretaceous,  or  Tertiary.     It  has  beeu  observed  as  the  petrifying  materiiil 

of  wood.  ^  ,  .  .     .u     TT 

Among  its  localities  are  Ehrenfripdersdorf  in  Snxonv;  Schwarzenstem,  the  Knappen- 
wand  in  Untersulzbachthnl  in  the  Tyrol;  St.  Gothard,  Tavetsch,  etc.  in  Switzerland; 
Mu8.<;a-Alp  in  Piedmont,  white  or  colorless;  Zinnwald  and  Schlnckenwald  u  Bohemia:  in 
England,  in  Cornwall,  with  tin  ores;  in  Cumberland,  at  Carrock  Fells;  in  Devonshire, 
cream-colored  at  Bovev  Trncev,  a"d  at  Wheal  Franco  {francolite).  The  aipnrngusitone  or 
spargelstein  of  Jumilla.  in  Murcia,  Spain,  is  pale  yellowish  green  in  color.     Large  quanil- 
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tlw  of  apfttile  aie  mined  Id  Norway  at  EntgerO;  aUo  at  Odegaard,  near  Bamie,  aod 
elsewhere. 

Id  Main*,  on  Long  Idaod.  Blue-hill  Bny.  In  Jf.  Eamp.,  Westmoreland.  In  Mom.,  at 
Nurwicb;  al  Boltoo  abaadaul.  Id  Conn.,  at  Bmnchvflle  [manffanapatiU).  ulbu  gretDisli 
wblle  and  colorless.  In  iftio  Forle,  comitioD  In  St.  Lawrence  Co.,  In  grauular  limBatone; 
also  Jefferson  Co.;  SnDdford  mlDe,  Eiul  Muriali,  Essex  Co..  in  mnguetite;  near  Edenville, 
Oraugo  Co.  In  Penn.,  at  Leipervilie.  Delaware  Co.;  In  Cliester  Co.  In  If,  Carolina,  at 
aiony  PoIdI,  Alexander  Co..  etc 

In  extensive  lieds  in  [he  Laurentiun  gneiss  of  Ciinada,  usually  associated  with  limeslone, 
and  accompuiiied  by  pyroxene,  ampliiljole,  litunitu,  zircon,  garnet,  vesuvianiie  and  mauy 
other  species.  PromiDent  mines  are  in  Oltawa  Couuty,  Quebec,  in  the  towuBbi|>s  of  Buck- 
Ingliiim.  Templelou,  Portland,  Hull,  and  Wakefield.  Also  Id  ReDfrew  county,  Ontario, 
and  in  Lanirk.  Leeds,  and  Fronleniic  couiilies. 

Apatite  was  Darned  by  Werner  from  dttarafiy,  to  deeeive,  older  mineralogists  having 
refevreil  it  to  aquamarine,  clirysolite,  amethyst,  duor,  schorl,  etc. 

Betildes  the  definite  mintral  photphatei.  including  normal  apatite,  phosphorite,  eic, 
there  are  also  extensive  deposits  of  amorphous  pbospbates.  consisting  lareely  of  "bone 
phospliate  "  (CsiPtO,),  uf  great  economic  importHoce,  though  not  hitving  a  delinile  chemi- 
cal compneition  and  hence  not  strictly  belunging  to  pure  miueralugy.  Here  belong  ttia 
phospbatic  uodules,  coproMtes,  bone  beds,  guano,  etc.  Kitensive  phosphatic  liepoaiia  also 
occur  in  North  Carolina,  Alabama  and  Plurida.  Ouano  is  bone  phosphate  uf  lime,  mixed 
wiih  tlie  hydrous  phosphates,  and  generally  wilh  some  ciilcium  carbonate,  and  ofteu  a 
Utile  maguesia,  alumina,  iron,  silica,  gypaum  and  other  impurities. 

Stafpbi.ite.  a  carboDBled  calcium  phosphate.  Occurs  Incrustine  the  phosphorite  of 
StaSel,  in  bntryoidal  or  atalactltic  masses,  fibrous  and  riidlatlue;  it  is  the  result  of  the 
action  of  carbonated  waters.  H.  =  4.  G.  =^  3139.  Color  leeK  to  dark  green,  greenish 
yellow.    DahllUe.  from  Barole,  Norway,  ia  similar. 

PTROHORPBITB.    Oreen  Lead  Ore.    QrQablelerz  Oerm. 
Hexagonal -pyramidal.     Axis  i  =  0'7363. 

Crystals  prismatic,  ofteu  in  rounded  barrel-shaped  forms;  also  in  branch* 
ing  groups  of  prismatic  crystals  in   nearly  parallel   position, 
tapering  dovn  to  a  slender  point      Often  globular,  reniform, 
and   botryoidal  or  verruciform,  with    uHually   a   subcolumnar 
structure;  also  fibrous,  and  granular. 

Cleavage:  m.  3;(10Tl)  in  traces.  Fracture  snbconchoidal, 
uneven.  Brittle.  H.  =  3'5-4.  Q.  =  6-5-7*l  mostly,  when 
pure;  5  O-G',"),  when  containing  lime.  Luster  resinous.  Color 
green,  yellow  and  brown,  of  different  shades;  sometimes  wax- 
yellow  and  fine  orange-yellow  ;  also  ^ayish  white  to  milk- 
white.  Streak  white,  sometimes  yellowish.  Subtransparent  to 
eubtranalucent.     Optically  — , 

Tar.  — 1.  Ordinary,   (a) /n  eryflali  as  described  :  sometimes  yellow  and 
in  rounded  forms  resembling  campylite  (jM«ti(U>-campyiiU).    {b)  In  adealar 
and  mou-Ukt  aggregations,     (e)  Ooneretioruiry  groups  or  masses  of  crys- 
tal*,  having    tlie    surfiice    augular.      (rf)  F%ro^tt.      it)  Oranuiar   rrtauiM.     (/)  Barthjf ; 
tucrusHrig. 

;  color  brown  of  different  shades,  yellowish  gray. 
..!_.. .    r.         ran  „...      Karaly  in  Bepnmte  crystals; 
_       .  ,  ,  elite,  from  Mies  in  Bohemia,  ia 

I  brown  variety.  £iu**i*rite  Is  similar  and  impure,  from  Nnssl^re,  near  Besujeu.  France; 
color  yellow,  greenish  or  grayish;  0.  =  5042.  &  Chromif trout;  color  brillinnt  red  and 
orange.  4.  Ananiftrout;  color  green  to  while;  Q.  =  5-5-6*6.  5,  Pttudomorjihotit ;  (a) 
after  gidena:  (b)  cenissite. 

Comp.— (PbCI)Pb,{PO,),  or  also  written  3Pb,P,0,.PbCi,  =  Phosphorus 
pentoxide  1.5-7,  lead  protoxide  82-3,  chlorine  3'6  =  100-5,  or  Lead  phosphate 
89  7,  lead  chloride  lO'S  =  100. 
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The  phospborns  is  often  replaced  by  arsenic,  and  as  the  amount  increases  the  species 
])asse8  into  initUL'tite.     Calcium  also  replaces  the  lead  to  a  considerable  extent. 

Pyr..  etc.— lu  the  closed  tube  gives  a  white  sublimate  of  lead  chloride.  B.B.  in  the 
forceps  fuses  easily  (F.  =  1*5),  coluriug  the  flume  bluish  green;  on  charcoal  fuses  without 
reduction  to  a  globule,  which  on  cooling  assumes  a  crystalline  polyhedral  form,  wbile  the 
coal  is  coaled  while  from  chloride  and,  nearer  the  assay,  yellow  from  lead  oxide.  With 
soda  on  charcoal  yields  mctnllic  lend;  some  varieties  contain  arsenic,  and  give  the  odor  of 
garlic  in  R.F.  ou  charcoal.  With  stilt  of  phosphorus,  previously  saturated  witb  copper 
oxide,  gives  un  azure-blue  color  to  the  flame  when  treated  in  O.F.  (chlorine).  Soluble  in 
nitric  acid. 

Diff. — Distinguished  by  its  hexagonal  form;  high  specific  gravity;  resinous  luster; 
blowpipe  characters. 

Obs.— Pyromorphite  occurs  principally  in  veins,  and  accompanies  other  ores  of  lead. 
At  PouUaouen  and  Huelgoet  in  Brittany;  ut  Zschopau  and  other  places  in  Saxony;  at 
Pfibruui,  Bleistadt,  in  Bohemia;  in  fine  crystals  at  Ems,  Braubaoh,  in  Nassau;  also  at 
Dernbuch  in  Nassau;  Berezov  in  Siberia;  in  the  Nerchinsk  mining  district;  Cornwall, 
green  and  brown;  Devon,  gray;  Derbyshire,  green  and  yellow;  Cumberland,  golden 
yellow,  in  England;  Leadhills,  red  and  orange,  in  Scotland. 

In  the  U.  §..  has  been  found  very  flne  at  Phenixville.  Pa.;  also  in  Maine,  at  Lubec  and 
Lenox;  in  New  York,  a  mile  south  of  Sing  Sing;  in  Davidson  Co..  N.  C.  also  in  Cabarrus 
and  Caldwell  Cos. 

Named  from  nvp,  fire,  uofj<ptf,  form,  alluding  to  the  crystalline  form  the  globule 
assumes  on  cooling.     This  species  passes  into  mimetite. 

MIMSTITZ]. 

Hexagon  al-py  mm  id  al.     Axis  t  =  0'7224. 

Habit  of  crystjiis  like  pyromorphite;  sometimes  rounded  to  globular  forms. 
Also  in  miitiiniiiiary  crusts. 

Cleavage  :  x  (lOll)  imperfect.  Fracture  uneven.  Brittle.  H.  =  3'5. 
G.  =  7 •0-7*25.  Luster  resinous.  Color  pale  yellow,  passing  into  brown; 
orange-yellow;  white  or  colorless.  StreaK  white  or  nearly  so.  Subtrans- 
parent  to  translucent. 

Var. — 1.  Ordinai'y.  (a)  In  eryatals,  usually  in  rounded  aggregates,  {b)  Capillary  or 
filamentous,  especially  marked  in 'a  variety  from  St.  Prix-sous-Suvray,  France:  s(miewhat 
like  asbestus,  and  straw-yellow  in  color,     (c)  Concretionary. 

Campylite,  from  Drygill  in  Cumberland,  has  G.  =  7'218.  and  is  in  barrel-shaped 
crystals  (whence  the  name,  from  Ka^nv^,o<i,  curved),  yellowish  to  broun  and  brownish 
retl;  contains  3  p.  c.  PaO*. 

Comp.--(PbCl)Pb,(AsOJ,,  also  written  3Pb,As,0,.PbCl,  =  Arsenic  pent- 
oxide  23*2,  lead  protoxide  74*9,  chlorine  2*4  =  100*5,  or  Lead  arsenate  90*7, 
lead  chloride  9-3  =  100. 

Phosphorus  replaces  the  arsenic  in  part,  and  calcium  the  lead.  Endlichite 
(p.  501)  is  intermediate  between  mimetite  and  vanadinite. 

Pyr.,  etc — In  the  closed  tube  like  pyromorphite.  B  B.  fuses  nt  1,  and  on  charcoal 
give^  in  R.F.  an  arsenical  odor,  jind  is  e\m\y  leduced  to  metallic  lead,  coating  the  coal  at 
first  with  lead  chloride,  and  Inter  with  arsenic  trioxide  and  lead  oxide.  Gives  the  chlorine 
reaction  as  under  pyromorphite.     Soluble  in  niiric  acid. 

Obs. — Occui-s  near  Redruth  and  elsewhere  in  Cornwall;  Beer  Alston.  Devonshire; 
in  Cumberland:  near  Pontgibaud,  Puy-de-D6me;  al  Johimngeorgensladt.  in  tine  yellow 
crystals;  at  Nerchinsk,  Siberia;  at  Zinnwald;  L&ngban,  Sweden;  at  the  Brookdale  mine, 
Phenixville,  Pa. 

Named  from  murfr^^,  imitator,  it  closely  resembling  pyromorphite. 

VANADINITE. 

Hexagonal-pyramidal.     Axis  6  =  0*7122. 

Crystals  prismatic,  with  smooth  faces  and  sharp  edges:  sometimes  cavern- 
ous, the  crystals  hollow  prisms;  also  in  ronnded  forms  and  in  parallel  group- 
ings like  pyromorphite.     In  implanted  globules  or  incrustations. 
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Fractnre  nneveD,  or  flat  coDcboidal.     Brittle.     H.  =3'75-3.     G.  =  6-66- 
7-10.     Luster  of  surface  of  fracture  resiuous.      Color  deep  rubj-red,  light 


\Aj^ 


brownish  yellow,  straw-yellow,  reddish  brown.  Streak  wliite  or  yellowish. 
Subtranslucent  to  opaque. 

Comp.— (PbCl)Pb,{VO.)„  also  written  3Pb,V,0..PbCl,  =  Vanadium  pent- 
oxide  194,  lead  protoxide  T8-7,  chlorine  2*5  =  1006,  or  Lead  vanadate  90*3, 
lead  chloride  9'8  =  100. 

PhoBphorue  is  spariugly  present,  also  sometimes  arseTiic,  both  replacing 
vanadium.     In  endlichite  the  ratio  of  V  :  As  =  1 :  1  nearly. 

Pyr.,  oto.— In  the  cloae<)   tube  decrepll ales  and  yields  a  fiiiut  wlilie  Bublimaie.     B.B. 

fuses  essUy,  and  on  cliarconl  lo  a  blnck  lunrous  mass.  wliicL  In  li.F.  yields  metnllic  lead 

'   1  coatlDg  ot  lead  cliloride;  lifter  completely  oxidizing  Ilie  Jead  lu  O.P.  tlie  binck 


residue  gives  with  salt  of  phosphorus  an  emerald -green  bend  In  R.F.,  which  becimes  light 

yellow  lu   O.P.      C -  - 

hydrochloric  acid. 


Qivea   the   chloriue   reoclloa   with   the  copper  I 


Di'coni  posed  by 


Obi. — First  discovered  at  Zimapan  In  Mexico.  Liter  obtHtiied  At  Wanlockhead  In 
Dumfriesshire;  also  at  Berezov  in  the  Uml.  with  pyromorphltei  nnd  na^r  Kappel  In 
CarlDthin,  in  crystals;  at  UndenOs.  BRlet,  Bweden.  In  the  Sierru  ile  Cdrdoba.  Argentine 
Republic. 

lu  the  U  States,  sparingly  oenr  Sing  Sing,  N.  T.  Abundant  fn  the  mining  regions  of 
Arizonii  iMid  New  Mexico,  often  asanrlnted  niih  wuUeiiltc  nnd  desclolzite;  In  Ariziiiia.  at 
the  roineH  In  Yuma  Co.,  In  brilllrint  deep  red  cryst.Hls;  Vulliire.  Phoenin.  e'c.  in  Miiricopa 
Co.;  the  Mammoth  jiold  mine,  near  Oracle.  Pin«l  Co,  In  New  Hexiro.  nl  Lnha  Valley, 
Sierra  Co.  (endliehitt);  aud  the  Mfinbivs  mines  near  CSeorgvlowii. 

Hbdvphanb.  From  L&ngbau,  Sweden;  bns  ordinarily  been  in'Inded  ns  a  i-aMiim 
variety  of  mimetile,  but   is  now  made  monocif Die.     Massive,  cleavuble.     Color  ycllo"  1-h 
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Phosphates  (and  arsenates)  of  magnesium  (calcium),  iron  and  roanganese 
containing  fluorine  (also  hydroxyl).     Formula  K,FPO^  or  (KF)RPO^,  etc. 

WAONBRTTB. 

Monoclinic.    Axes,  see  p.  501.     Crystals  sometimes  large  and  coarse.     Also 
massive. 

Cleavage:  a,  m  imperfect;  c  in  traces.  Fracture  uneven  and  splintery. 
Brittle.  H.  =  5-5*5.  G.  =  3U7-3'14.  Luster  vitreous.  Streak  white. 
Color  yellow,  of  different  shades;  often  grayish,  also  flesh-red,  greenish. 
Translucent. 

Comp. — A  fluo-phosphate  of  magnesium,  (MgF)MgPO^  or  Mg,P,O..MgF, 
=  Phosphorus  pentoxide  43*8,  magnesia  49*3,  fluorine  118  =  104  9,  deduct 
(0  =  2i)  49  =  100.     A  little  calcium  replaces  part  of  the  magnesium. 

Pyr..  etc. — B.B.  in  the  forceps  futes  at  4  to  ;i  grcfiiish-gray  glass;  moii^tened  wilh 
sulphuric  acid  colors  ihc  flumu  blui.sh  green.  Wilh  borax  reacts  for  iron.  On  fu>ioii  wilh 
soda  effervesces,  but  is  not  completely  tiissolved;  gives  a  fui  .t  luanguuese  leticiion.  Fused 
with  salt  of  phosphorus  in  an  open  glass  tube  reacts  for  fluorine.  Soluble  iu  uitric  uiid 
hydrochloric  acids.     With  sulpliuric  acid  evolves  fumes  of  hydrofluoric  acid 

Ohfi.—  Wngnerite  (in  small  highly  modified  crystals)  occurs  in  the  valley  of  HOllen- 
grabeD,  near  Werfen,  in  Salzburg,  Austria.  Kjf.rulfine  (mussive,  cle:ivable;  ah(o  in  course 
crystals)  is  from  KjOrrestad,  near  Bande,  Norway. 

Spodiosite.  A  calcium  fluo-phosphate,  perhaps  (CaFiCuPO*.  In  flattene<l  prismatic 
crystals,     G.  =  2*94.     Color  ash-gray.     From  the  Krangrufvu,  Werudand,  Sweden. 

TRXFLITII. 

Monoclinic.  Massive,  imperfectly  crystalline.  Cleavage:  unequal  in  two 
directions  perpendicular  to  each  other,  one  much  the  more  distinct.  Fracture 
small  conciioidal.  H.  =  4-5  5.  G.  =  3*44-3 -8.  Luster  resinous,  inclining  to 
adamantine.  Color  brown  or  blackish  brown.  Streak  yellowish  gray  or 
brown.     Subtranslucent  to  opaque. 

Comp.,  Tar — (RF)RPO  or  R.P^^.RF,  with  R  =  Fe  and  Mn,  also  Ca  and 
Mg.  The  ratio  varies  widely  from  re  :  Mn  =  1  :  1  to  2  :  1  (zwieselite) ;  1:2; 
1:7. 

Talkiripliie  is  a  variety  from  HorrsjOberg;  coutains  magnesium  and  calcium  in  large 

amount. 

P3rr.,  etc. — B.B  fuses  easily  at  1*5  to  a  black  magnetic  elobide;  moistened  with 
sulphuric  acid  colors  the  flame  bluish  green.  With  borax  in  O.F.  eives  an  amethystine- 
■colored  glass  (mangMuese);  in  R.F.  a  strong  reaction  for  iron.  With  soda  reacts  for 
manganese.    With  sulphuric  acid  evolves  hydrofluoric  acid      Soluble  in  hydrochloric  :icid. 

Obs— Found  by  Alluaud  at  Limoges  iu  France;  Helsingfors,  Finland;  Stoneham, 
Maine;  Branch ville,  Conn.  ZicieseliU,  a  clove-brown  variety,  is  from  Rabenstein.  near 
Zwiesel  in  Bavaria. 

Griphitr.  a  problematical  phosphate  related  to  triplite  occurrini?  in  embedded  reni- 
form  masses.     From  the  Riverton  lode  near  Harnt'y  City,  Pennington  Co..  8.  DakoUi. 

Triploidite.  Like  trfplite.  but  wiih  the  F  replaced  by  (OH).  Commonly  in  crys'al1ii>e 
aggregates.  Fibrous  to  columnar.  H.  =  4*5-5.  G.  =  3*607.  Co'or  yellowish  to  reddish 
brown.     From  Branch  ville,  Fairfield  Co.,  Conn. 

Adelite.  (MgOHiCaAsO^.  Monoclinic.  Axes,  soe  p.  501 :  also  massive.  H.  =  5.  G.  = 
8  74.     Color  gray  or  grayish  yellow.     From  Nordmark  and  L&ngban,  Sweden. 

Tilasite.     Like  adelite,  but  contnins  fluorine.     From  L&ngban. 

Sarkinite  (MnOH)MnAs04.  In  monoclinic  crvstnls;  nl-o  in  spherical  forms.  G.  -r 
4  17.  Color  rose-red.  flesh-red.  reddish  yellow.  From  the  iron-mMnga»»ese  mineH  of  Pajs- 
berc:,  Sweden.  PolyarseniU  from  the  Sj5  mine,  Grythylte  parish,"  Orebro,  Sweden,  is 
essentially  the  same. 
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Herderite.  A  fluo-pbosphate  of  beryllium  and  calcium,  (CaF^BePOi  wilb  (CaOfDBePO*. 
In  prismutic  crystals,  monoclioic  witb  complex  twiuuing.  H.  =  5.  G.  =  2*99-801. 
Luster  vitreous.  Color  yellowisb  nnd  greeuisb  white.  From  the  tiu  miues  of  £breu- 
friedersdorf,  Siixooy;  also  at  Stouebaui,  Auburn  and  Uebrou,  Maine. 

Hamlinite.  A  basic  phosphate  of  aluminium  and  strontium.  In  colorless  rhombohcdral 
crystals.  H.  =  4*5.  G.  =  b'16-828.  Occura  witb  herderite,  bertiandile.  etc.,  at  Sione- 
ham.  Maine. 

Durangite.  A  fluo-arsenate  of  sodium  and  aluminium,  Na(AlF)As04.  In  mouoclinic 
crystals.    G.  =  8'94-4  07.     Color  orange-red.    From  Duraugo,  Mexico. 

AMBLTOONITZ].     Hebronite. 

Triclinic.  Crystals  large  and  coarse  (Fig.  20,  p.  10);  forms  rarely  tlistinct. 
Usually  cleavable  to  columnar  and  compact  massive.  Polysynthetic  twinning 
lamellce  common. 

Cleavage:  c  perfect,  with  pearly  luster;  a  somewhat  less  so,  vitreous; 
e  (02l)  sometimes  equally  distinct ;  M  (lIO)  difficult;  ca  =  lb""  30',  ce  -  74° 
40',  cif  =  92""  :iO'.  Fracture  uneven  to  subconchoidal.  Brittle.  H  =  6. 
G.  =  301-309.  Luster  vitreous  to  greasy,  on  c  pearly.  Color  white  to  pale 
greenish,  bluish,  yellowish,  grayish  or  brownish  white.  Streak  white.  Sub- 
transparent  to  translucent. 

Comp.  —  A  fluo-phosphate  of  aluminium  and  lithium,  Li(AlF)PO^  or 
AlPO^.LiF  =  Phosphorus  pentoxide  47*9,  alumina  34*4,  lithia  10  1,  fluorine 
12  9  =  105-3,  deduct  (0  =  2F)  5*3  =  100.  Sodium  often  replaces  part  of  the 
lithium,  and  hydroxyl  part  of  the  fluorine. 

Pyr.,  etc. — In  the  closed  tube  yields  water,  wliicli  nt  n  bigb  heat  is  acid  and  corrodes 
the  glass.  B.B.  fuses  easily  (at  2)  with  iiitumrseeiice,  iind  becomes  op»que  while  on  cnoiing. 
Colors  the  flame  yellowisb  red  with  trnees  of  grei  n;  the  Hebron  variety  gives  nn  iiiteuiie 
lithia-rod;  moistened  with  sulphuric  ncid  gives  a  bluish  green  to  the  tlnnie.  With  bomx 
mid  srilt  of  phosphorus  forms  a  transpan  nt  colorless  glass.  In  tiue  powder  (dissolves  eusily 
iu  sulphuric  ncid,  more  slowly  in  hydn  chloric  arid. 

Diflf— Distinguished  by  its  easy  fusibility  iind  by  yielding  n  red  flame  B.B.,  from  feld- 
spj'r.  barite  ealcite,  etc.:  also  by  the  ncid  water  in  the  tube  from  siM»dumei  c. 

Ob«— Occurs  ne:ir  Penig  in  Saxony:  Aiendnl.  Norway;  Montebuis.  Cieuze,  France. 
In  the  U.  States,  in  Maine,  nt  Hebron,  also  at  Piiris.  Fern,  i  tc  ;  Branchville,  Conn. 

The  name  amblygonite  is  from  a/iffXt!^,  blunt,  nud  yurv,  angle. 

B.   Basic  Phosphates. 

This  section  includes  a  series  of  well-characterized  basic  phosphates,  a 
number  of  which  fall  into  the  Olivinite  Group.  Acid  phosphates  are  repre- 
sented by  one  species  only,  the  little  known  monetite,  probably  HCaPO^, 
see  p.  507. 

OHveiiite  Group.     Orthorhombic. 

Olivcnite  Cu,(OH)AsO,  09396  :  1  :  06726 

Libethcnite  Cu,(OH)PO,  0-9601  :  1  :  07019' 

Adamite  ZnjOH)A80,  0*9733  :  1  :  0-7158 

Descloizite  (Pb,Zn),(OH)VO, 

^:l:i  =  0  636S  :  1  :  08045  or  \&:l:t  =  0*9552  :  1  :  0*8045 
Cuprodescloizite  (Pb,Zn,Cu),(OH)VO, 

The  Olivenite  Group  includes  several  basic  phosphates,  arsenates,  etc.,  of 
copper,  zinc,  and  lead,  with  the  general  formula  (R0H)RP0,,(R0H)RA80„ 
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etc.  They  crystallize  in  the  orthorhombic  systein  with  similar  form.  It  is  to 
be  noted  that  this  group  corresponds  in  a  measure  to  the  monoclinic  Wagnerite 
Group,  p.  501,  which  also  includes  basic  members. 


OUVBNITZ]. 

Orthorhombic.     Axes  a  :  5  :  (J  =  0*9396  :  1  :  0-6726. 


942. 


mm'",  110  A  liO  =  86"  26'. 
w\       101  A  101  =  7V  111'. 


«j',  Oil  A  Oil  =  67»51'. 
tw,  101  A  Oil  =  47°  34'. 


Crystals  prismatic,  often  acicnlar.   Also  globular  and  renif orm, 

indistinctly  fibrous,  fibers  straight  and  divergent,  rarely  irregular; 

also  curvea  lamellar  and  granular. 

Cleavage:    in,  b,  c  (Oil)  in  traces.     Fracture  conchoidal  to 

uneven.    Brittle.    H.  =  3.    G.  =  4*l-4*4.    Luster  adamantine  to 

^/  vitreous;  of  some  fibrous  varieties  pearly.   Color  various  shades  of 

^^>^J^     olive-green,  passing  into  leek-,  siskin-,  pistachio-,  and  blackish 

green ;   also  liver-  and  wood-brown ;  sometimes  straw-yellow  and 

grayish  white.     Streak  olive-green  to  brown.     Sub  transparent  to  opaque. 

Var. — (rt)  Cryntallized.  {b)  Fibrous;  finely  and  divergently  fibrous,  of  greeu,  yellow, 
brown  and  gray,  to  white  colors,  witb  the  surface  sometimes  vejvety  or  acicular;  found 
investing  the  common  variety  or  passing  into  it;  called  tooodeopper  or  wood  arsenate,  (e) 
Earifiy;  nodular  or  massive;  sometimes  soft  enough  to  soil  the  fingers. 

Comp.— Cu,As,O..Cu(OH),  or  4CuO.As,O^.H,0  =  Arsenic  pentoxide  40'7, 
cupric  oxide  561,  water  3*2  =  100. 

Pyr.,  etc. — In  the  closed  tube  gives  water.  B.B  fuses  at  2.  coloring  the  flame  bluish 
green,  and  on  cooling  the  fused  mass  appears  crystalline.  B.B.  on  charcoal  fuses  with 
deflagration,  gives  off  arsenical  fumes,  and  yields  a  metallic  arsenide  which  with  soda  yields 
a  globule  of  copper.     With  the  fluxes  reacts  for  copper.     Soluble  in  nitric  acid. 

Obs. — The  crystallized  varieties  occur  in  Cornwall,  at  various  mines;  Tavistock,  in 
Devonshire:  in  Tyrol;  the  Banat;  Nizhni  Tagilsk  in  the  Ural;  Chili.  In  the  U.  8.,  iu 
Utah,  at  the  American  Ea^le  and  Mammoth  mines.  Tintic  district,  both  in  crystals  and 
wood-copper.     The  name  ohvenite  alludes  to  the  olive-green  color. 


LIBBTHBNrm. 

Orthorhombic.     Axes  d:h:i  =  09601  :  1  :  0*7019. 


943. 


mm"\  110  A  110  =  87»  40'.  ss"\  111  a  111  =  59'    4f . 

e^.       Oil  A  Oil  =  70"*    8'.  ss\    111  a  111  =  61"  4?!'. 

In  crystals  usually  small,  short  prismatic  in  habit;  often 
united  in  druses.     Also  globular  or  reniform  and  compact. 

Cleavage:  a,  J  very  indistinct.  Fracture  subconcnoidal 
to  uneven.  Brittle.  H.  =  4.  G.  =  3'6-3'8.  Luster  resinous. 
Color  olive-green,  generally  dark.  Streak  olive-green.  Trans- 
lucent to  subtranslucent. 

Comp.  — Ca,P,0,Cu(OH),   or    4CiiO.P,O.H,0,  =  Phosphorus    pentoxide 
29-8,  cupric  oxide  66*4,  water  3*8  =  100. 

Pyr..  etc.— In  the  closed  tube  yields  writer  smd  turns  black.  B  B  fuses  at  3  and  colors 
the  flame  emerald -trreen.  On  chnrroul  with  soda  giv<'s  metallic  copper,  finmetimes  also  -n 
arsenical  odor.  Fused  witb  metallic  lead  on  cbarronl  is  reduced  to  metallic  copper,  with 
the  formation  of  lead  phosphate,  which  treated  in  R.F.  eivcs  a  crystalline  polybearal  bead 
on  cooling.     With  the  fluxes  reacts  for  copper.     Soluble  in  nitric  acid. 

Ob«.— Occurs  with  chalcopyrite  at  Libethen,  near  Neusohl.  Hniiinrv;  at  Rheinbreitfii- 
bach  and  Ehl  on  the  Rhine;  at  Nizhni  Tagilsk  in  the  Uml ;  in  small  qu  intilies  in  Cornwall. 
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Adamite.  ZiitAs^Os  Zo(OH)a.  In  Fmall  crystals,  often  grouped  in  crusts  and  granular 
aggregations.  H.  =  3-5.  G,  =  4*34-4"35.  Color  honey-yellow,  violet,  rose-red,  green, 
colorlcsii.  From  Cbafiarcillo,  Chili;  Cup  Garonne,  France;  at  (he  ancient  zinc  mines  of 
Lfiuriou,  Greece. 

Descloiadte.  K^VaCR^OH),  or  4RO.VaO..HjO;  R  =  Pb,  Zn  chiefly,  and  usually  in 
the  ratio  1  :  1  approx.  In  small  crystnla.  ufieu  drusy;  also  massive,  tibrous  mdinted  wiih 
mammillary  surface.  H.  =  3  5.  G.  =  5*9-6'2.  Color  cherry-red  and  brownish  red,  to 
light  oi  dark  brown,  black.     Streak  orange  to  brownish  red  or  yeilt>wi>n  gray. 

From  the  Sierra  de  C6idoba.  Argentina;  Kappel  in  Cannihia.  Abundant  at  Lake 
Valley,  Sierra  Co.,  New  Mexico,  also  near  €^eoreetown;  in  Arizona  near  Tombstone;  m 
Yavupai  Co.:  at  the  Maninioth  Gold  mine,  near  Oracle,  Pinal  Co. 

A  massive  variety,  contidniiig  copper  (6*5  to  9  p.  c),  in  crusts,  and  reniform  masses  with 
radiated  structure,  occurs  in  San  Luis  Potosi,  also  in  a  vein  of  argentiferous  galena  in 
Zacatecas.  Mexico;  it  has  been  variously  named  iriioc/iorite,  evprodeseUnziU,  rtimiiite.  A 
similar  variety  (11  p.  c.  CuO)  t>ccurs  as  an  incrustation  on  quartz  at  the  Lucky  Cuss  nii:fe» 
Tombstone,  Cochise  Co.,  Arizona. 

KnsYNcniTE  may  be  identical  with  descloizite.  Massive:  in  nodular,  stahu  titic  forms. 
G.  =  5  596.  Color  yellowish  red,  reddish  brown,  greenish.  From  Hofsgrund  near  Frei- 
burg in  Baden.  .The  same  may  be  true  of  arasoxene  from  Dahn  near  Nieder-Schlcttenbuch^ 
Rhenish  Bavana. 

Dkchenite.  Composition  usually  accepted  as  PbYiO*.  Massive,  botryoidal.  nodular. 
G.  =  5  6-5*81.  Color  deep  red  to  yelh>wish  red  and  brownish  red.  From  Nieder-Sch let- 
ten  bach  in  the  Lauterthal,  Rhenish  Bavaria. 

Calciovolborthite.  Probably  (Cu,Ca)sy,0«.(Cu.Ca)(OH),.  In  thin  green  tables;  also 
gray,  fine  crystalline  granular.     From  Friedrichsrode,  Thuringia. 

Brackebuschite.  Near  descloizite  (monoclinic?).  From  the  State  of  Cordoba,  Ar- 
gentina. 

Psittacinite.  A  vanadate  of  lead  and  copper,  from  the  Silver  Star  District,  Montana. 
In  thin  coatings:  also  pulverulent.     Color  siskin-  to  olive-green. 

MoTTRAMiTE.  A  Vanadate  of  lead  and  copper;  possibly  identical  with  psittacinite; 
in  velvety  black  incrustations.     From  Mottram  St.  Andrew's,  Cheshire,  England. 


CLINOOLASITII.     Klinoklas.    Aphan^se. 
Monoclinic.     Axes  a\t  .6  =  1-9069  :  1  :  3-8507;  ft  =  80**  30'. 

Crystals  prismatic  (m);  also elonjra ted  |  i;  often  grouped  in  nearly  spherical 
forms.     Also  massive,  hemispherical  or  reniform;  structure  radiated  fibrous. 

Cleava2:e:  c  hfghly  perfect.  Brittle.  H.  =  2-:)-3.  O.  =  4-19-4'37;  4-37 
Utah.  Luster:  c  pearly;  elsewhere  vitreous  to  resinous.  Color  internfllly 
dark  verdigris-greeM;  externally  bhickish  blue-green.  Streak  bluish  green. 
Subtransparent  to  translucent. 

Comp.— Cu,As,0..3Cu(0H),  or  6CuO.As,0..3H,0  =  Arsenic  pentoxide 
30-3,  cupric  oxide  62*6,  water  T'l  =  100. 

Pyr.,  etc.  — Sjime  ns  for  olivmite. 

Obs.  O'Turs  in  Cornwfill.  with  other  ops  of  copper  In  Utnh.  Tintic  district,  hI  the 
Mammoth  mine.  Named  in  alln«jion  to  (he  basal  cleavnge  l>eiM  r  oblique  to  the  sides  of  the 
prism. 

Erinite.  CujAsi0^.2C''0H\  In  inammilljited  rrystnlline  croups.  Color  fine  emer- 
ald green.     From  Corn  wall;  mIso  the  Tintic  district.  Utah 

Dihydrite.  ('njP,0«  ?Cn(()H)-i  In  dnrk  emonild-grrrn  crvstals  (monoclinic). 
H.  =  4'5-5.     G.  =  4-4  4.     From  Ehl  near  Linz  on  the  Rhine;  the  Ural   etc. 

Pseudomalachite.  In  part  CujP,Or  SCuCOH),.  Massive,  resembling  malachite  In  color 
and  structure.     From  Rlieinbriiten bach:  Nizh-d  Tagilsk,  etc.     5% /i^  is  closely  allied. 

Chondramenite.  Perhaps  Mn,Aj»,0«.3Mn(0H)a.  In  small  embedded  grains.  Color 
yel'ow  to  reddish  yellow.     From  the  Paj'^herc  mines.  Sweden. 

Xanthahsenitk  Near  rhondrarsenite.  but  contains  more  water.  In  sulphur-yellow 
grains;  massive.     From  the  Sjft  mine,  parish  of  Grythytte,  Sweden. 
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DUFRENITZ:.     Eiaurite. 

Orthorhombic.  Crystals  rare,  small  and  indistinct.  Usoally  massive,  in 
nodules;  radiated  fibrous  with  drusy  surface. 

Cleavage:  a,  probably  also  b,  but  indistinct.  H.  =  3'5-4.  G.  =  3'2-3*4, 
Luster  silky,  weak.  Color  dull  leek-green,  olive-green,  or  blackish  careen; 
alters  on  exposure  to  yellow  and  brown.  Streak  siskin-green.  Subtranslucent 
to  nearly  opaque.     Strongly  pleochroic. 

Comp.— Doubtful;  in  part  FePO,.Fe(OH),  =  2Fe,0,.P,0,.3H,0  =  Plios- 
phorus  pentoxide  27*5,  iron  sesquioxide  62*0,  water  10'5  =  100. 

Pyr.,  etc. — Same  as  for  viviaDite,  but  less  water  U  giveu  out  in  the  closed  tube.  B.B. 
fu9e8  easily  to  a  slag. 

Obs.- Occurs  mar  ADgliir.  Dept.  of  Haute  Vieniie.  and  at  Hirschberg  in  Wei^tpbaliii; 
from  the  Koiblftufcbeu  mine  iieur  Wnlcl^iioies;  St.  B  nigua,  Bohemia;  F4i8t  Com  wall. 

lu  the  United  States  lU  AlleutowD,  N.  J.;  iu  liockbri«lge  Co.,  Va.,  in  radiattd  couiBely 
flbrouh  musses. 

LAZULITE. 

Monocliuic:  Axes  a  :i:i  =  0-9750  :  1  :  1-6483;  /3  =  89°  14'. 

944.  at,     100  A  101  =  30"  24'.  ee".    111  A  111  =  80'  W. 

pjf.  111  A  111  =  79"  40'.  pe.    111  A  ill  =  82»  W, 

Crystals  usually  acute  pyramidal  in  habit.  Also  mass- 
ive^  granular  to  compact. 

Cleavage:  prismatic,  indistinct.  Fracture  uneven. 
Brittle.  H.  =  5-6.  G.  =  305r-3-122.  Luster  vitreous. 
Color  azure-blue;  commonly  a  fine  deep  blue  viewed  aJong 
one  axis,  and  a  pale  greenish  blue  along  another.  Streak 
white.     Subtranslucent  to  opaque. 

Comp.— RA1,(0II),P,0.  or  2AlP0,.(Fe,Mg)(0H),  with 
Fe  :  Mg(Ca)  =  1  :  12, 1  :  6,  1  :  2,  2  :  3  (Rg).  For  1  :  2  the 
formula  requires :  Phosphorus  pentoxide  45'4,  alumina  32  6, 
iron  protoxide  7*7,  magnesia  8*5,  water  5*8  =  100. 

Pyr.,  etc. —In  the  closed  tube  whiteus  and  yields  water.  B  B.  with  cobalt  solution  the 
blue  color  of  the  miuenil  is  restored.  In  the  forceps  w  hitens.  cracks  open,  swells  up,  and 
without  fusion  falls  to  pieces,  coloring  the  flnme  bluish  green.  The  green  color  is  made 
more  intense  by  moistening  the  assay  with  sulphuric  acid.     With  the' fluxes  gives  an  iron 

?;la8s;  with  soda  on  charcoal  tin  infusible  mass.    Unacted  upon  by  acids,  retaining  perfectly 
Is  blue  color. 
Ob«.— Occurs  near  Werfen  in  Salzburg:  Krieglach,  in  Styria:  also  HorrsjGberg,  Sweden. 
Abundant  with  corundum  at  Crowder's  Mt.,  Gaston  Co.,  N.  C;  and  on  Graves  Mt., 
Lincoln  Co.,  Ga..  with  cvanite,  rutile,  etc. 

The  name  lazuliteis  derived  from  an  Arabic  word,  azul,  meaning  Amma,  and  alludes  to 
the  color  of  the  mineral. 

Tavistockite.  CasP90s.2A1(OH)t.  In  microscopic  acicular  crystals,  sometimes  stel- 
late groups.     Color  white.     From  Tavistock,  Devonsli ire. 

Oirrolite.  Perhaps  CajAl(P04)«.  AUOH)>.  Compact.  G.  =  308.  Color  pale  yellow. 
Occurs  at  the  iron  mine  at  Westau&,  in  Scania,  Sweden. 

Arsenioslderite.  Ga,Fe(A804)i.3Fe(OH)>.  In  yellowish  brown  fibrous  concretions. 
G.  =  3-520.    From  Romandcbe,  near  Mflcon,  France;  also  al  Schneeberg.  Saxony. 


AUactite.     MnsAs,0ii.4Mn(0H)t.     In  small  brownish-red  prismatic  crystals.     From 
the  Moss  mine.  Nordmark.  and  at  L&ngban,  Sweden. 

83rnadelphite.     2<Al.Mn)A«04  5Mn(0H),.     In  prismatic  crystal^;  also  in  grains.     0.= 
3 '45-3  50.     Color  brown isli  black  to  black.     From  the  Moss  mine.  Nordmark  Sweden. 

Fiinkite.     MiiA804.2Mn(OH>,.    In  niinuto  orthorhombic  crystals,  tabular  |  e\  groui>cd 
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in  feather-like  aggregates.  O.  =  8'87.  Color  greenish  brown.  From  the  Harstig  mine, 
Pajsberg,  Sweden. 

Hematolite.  Perhaps  (A1,Mn)AsO«.4Mn(OH)a.  lo  rhombohedral  crystals.  O.  = 
3-30-3  40.  Color  brownish  red,  black  on  the  surface.,  From  the  Moss  mine.  Nordmark, 
Sweden. 

Retsian.  A  basic  arsenate  of  the  yttrium  earths,  manganese  and  calcium.  In  ortho- 
rhombic  crystals.  H.  =4.  G.  =  4  15.  Color  chocolate-  to  cheslnutrbrowu.  From  the 
Moss  mine,  Nordmark,  Sweden. 

n  m  n  ni 

Arseniopleite.  Perhaps  li.R,(OH).(A804)t;  R  =  Mu,  Ca,  also  Pb,  Mij;  H  =  Mn, 
also  Fe.  Massive,  cleavable.  Color  brownish  red.  Occurs  *at  ihe  SjO  mine,  Grythytte 
parish.  Sweden,  with  rhodonite  in  crystalline  limestone. 


Manganostibiite.  Hematostibiite.  Highly  basic  manganese  antimonates.  In  em- 
bedded grains.  Color  black.  Manga nasiibute  occurs  nt  Nordmark,  Sweden;  hematoitUnite 
is  from  me  SjO  mine,  Grythytte  parish. 

Atelestite.  Basic  bismuth  arsenate,  HsBisAsOii.  In  minute  tabular  crystals.  G.  = 
6*4.     Color  sulphur-yellow.     From  Schneeberg,  Saxony. 

C.  Normal  Hydrous  Phosphates,  etc. 

The  only  important  group  among  the  normal  hydrous  phosphates  is  the 
monoclinic  Vivianite  Geoup. 

Struvite.  Hydrous  ammonium-miignesium  phosphate.  In  orthorhombic-hemimorphic 
crystids  (Fig.  307,  p.  9S);  white  or  yellowish;  slightly  soluble.     From  guano  deposits. 

Oollophanite.  CusPsOt  -f  HtO.  In  layers  resembling  gymnite  or  opal.  Colorless  or 
snow-white.  From  the  ishmd  of  Sombrero.  Monite  is  similar,  from  the  islands  Moua  and 
Mooeta  in  the  West  Indies,  where  it  is  associated  with  moniUte,  HCaP04,  occurring  in  yellow- 
ish-white tricliuic  crystals 

Pykophosphoritb.  MgtPsOT  -f  4(CafPiOt  -f-  CaiPiOT).  Massive,  earthy.  Color 
snow-while,  dull.     From  the  West  Indies. 


Hopeite.  Probably  hydrous  zinc  )  hosphate,  ZnsPsOt  +  HtO.  In  minute  prismatic 
crystals.  Also  in  reniform  masses.  G.  =  2*76-2*85.  Color  grayish  white.  Found  In 
cavities  in  cnlamiue  at  the  zinc  mines  of  Altenberg,  near  Aixla-Chapelle.  The  composition 
given  is  that  of  the  urtiflciiil  minend. 

Dickinsonite.  3!i.P,0«  -4-  H,0  with  R  =  Mn,  Fe,  Na,  chiefly,  also  Ca,  E,.  Li,.  In 
tabular,  pseudo-rhomliohe  Iral  crystals;  commonly  foliated  to  micaceous.  G.  =  8*888- 
3  348.    Color  olive-  lo  oil-green,  grass-green.     From  Branchville,  Fairfield  Co.,  Conn. 

Fillowite.  Formula  as  for  dickinsonite  and  also  from  Branchville,  but  differing  in 
angle.  In  granular  crystalline  masses.  G.  =  8*48.  Color  wax-yellow,  yellowish  to  red- 
dish brown,  colorless. 


The  three  following  tricliuic  species  are  related  in  composition  and  may  be  in  crystalline 
form. 

Roselite.  (Ca,Co.Mg)sAs,0«  -f  2HsO.  In  small  crystals;  often  in  druses  and  spherical 
*ggrogatc8-     G.  =  8  5-3-6.     Color  light  to  dark  rose-red.     From  Schneeberg,  Saxony. 

Brandtite.  Ca,MnA!40«  -f  2H,0.  In  prismatic  crystals;  crystals  often  united  in 
radiated  groups.  G.  =  3  671-3*672.  Colorless  to  white.  From  the  Haretig  mhie,  near 
Pajsberg,  Sweden. 

Fairfieldite.  A  hydrous  phosphate  of  calcium  and  manganese,  Ca,MnP,Ot  -f  2H«0. 
In  prismatic  crysUils;  usually  in  foliated  or  fibrous  crystalline  aggregates.  G.  =  3*07-8-16. 
Color  white  or  greenish  white  to  pale  straw-yellow.  From  Branchville.  Fairfield  Co., 
Conn.;  Uabenstefn,  'BixymSk  {Uueomanganiie). 


Messelite.   (Ca,Fe)sP,08  +  2|H|0.   In  minute  tabular  crystals.    Colorless  to  brownish. 
From  near  Messel  in  Hesse. 
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R«ddiastt«.    MoiP.O.  +  3HiO      Iii  onborliumUk  crjrMab  iie*r  iMWDdite  in  «ngle:  slto 

grauular.     G   =  3-IO'i,     Culur  pinkiaU  wliiietujellowub  white.     From  Bnutcbvillc,  Coob. 

PicropltaimacolUa.     U,Ab,0,  -f  eH,0,  «ilb  R  =  Ck :  Hg  =  S :  1.     In   anuUI  spterioJ 

fonui.     Culor  wbitt^     From  Ki«;liel*d»r[;  Freiberg:  Jopiiii.  Ho. 

^iclwlcite.  CutAnfOi  -r  5U|0  In  ndiiiied  groupa.  culuiimaTi  deodritie.  Color 
T«Tdign£-gi«eu.    FruiD  the  Turgiuik  copper  mine. 

Vivlaofte  Group-     Mouoclioic 

Tiriuute        Fe.P.O.  +  811  0        «  :i  :<!  =  07493  : 1  :0-7015      fl  =  75°  Zi' 

Sympleiite      Fe.As/J,  +  811,0  0-7806  : 1 : 0-6812  72"  43' 

Bobiemte       M<.'.I'.U,  -j-  hII  0 

HoroMite        M;,',As,0,  -f  8li,0 

Brythritc         ('o.Aii^O.  -i-  bEI.O  0-75      : 1 : 0-70  76° 

Annaber^te    Ni,A8,0,  -rt<H,0 

Cabrerite         (M.Mkj.As/).  +  8H,0 

Kottigite  Zii,A--,0.  +  8H,0 

The  ViviAMTE  Group  includes  hydrone  phosphates  of  iron,  magneaiam, 
cobiilt,  nickel  and  zinc,  all  with  eight  molecules  of  water.  The  crjratalliEation 
is  monoclinic,  and  the  angles  so  far  as  kuowo  correspond  closely. 

VIVIAN  iTB. 

Monoclinic.  Crystals  prismatic  {mm'"  =  71°  58');  often  in  stellate 
^onpB.  Also  reniform  and  globular;  structure  divergent,  fibrous,  or  earth;; 
also  incnisting. 

Cleavage:  ^  highly  perfect;  a  in  traces;  also  fracture  fibrous  nearly  J. ^. 
Flexible  in   thin  lamiiise;    scctile.     U.  =  l'5-2.     G.  =  2-58-2  68.     Loater,  * 

r early  or  metallic  pearly;  other  faces  vitreous.  Colorless  when  unaltered, 
lue  to  green,  deepening  on  exposure.  Streak  colorless  to  bluish  white, 
changing  to  indigo-blue  und  to  liver-brown.  Transparent  to  translacent; 
opaque  after  exposure.     Pleochroism  strong. 

Comp. — Hydrous  ferrous  pliosphate,  Fe,P,0,  +  8H,0  =  Phosphorus  pen- 
toxide  28-3,  iron  protoxide  43-U,  water  28-7  =  100. 
,    Mtiny  aiittlyses  sLiiw  tbe  presence  of  iron  stBquioxidu  due  lo  nlleration. 

Pyr.,  ate. — In  tlie  closed  liibu  yields  nciilnil  naur,  wliilens,  aud  eiroltates.  B.B. 
fuses  Kt  I'5,  Ciilorin;;  llie  flame  bluish  green,  to  ri  grayish  block  mugnellc  globule.  Wilh 
the  fluxes  rrans  for  Iroo.    Solulde  Id  bydrucliloric  acid. 

Oba.— OccutB  associated  with  pyrrbolile  and  pyrite  la  copper  and  tin  veins:  Bbmetime* 
In  narrow  veins  wilb  gold,  trnvcrsing  graywucke;  boih  friable  and  crystallizL-d  in  beds  of 
clay,  and  someliincs  assuciuteit  wiib  limoiille,  or  bog  Iron  orL-;  uftcn  lii  cavities  of  fossils 
or  buried  boues. 

Occurs  at  6t,  Agocs  niiil  elHCwbcie  in  Cornwall;  ut  Bodcnmsis;  llie  gold  mines  of 
Veres|>a1iik  Iti  Triinsylviiiiiu.  Tbe  euriby  variciy.  somelimea  called  blue  iranr^arth  or 
native  Pruttian  blue  iFer  aiure),  occurs  in  GieenlmiiJ.  CurliitUia,  Cnmwall.  cic. 

Id  N.  Anierlra.  in  Nete  Jftcy.  at  AJIeutowu.  Monmouth  Co..  both  crystalliEed,  In 
nodules,  BDd  eurilij;  at  MulHca  Hill,  Gloucester  Co  {mulUcUe),  In  cylindrtcal  musses,  lu 
Kir^'niVt.  in  6  utiurd  Co,  lu  Kenliicky,  ueiii  Gddyviilc.  In  Ginada,  wllb  timonlle  iit 
Vaudreuil. 

Sympleslt*.  Probably  FciAs,Oi  4-  8HiO.  Iti  amnll  prismalic  cryslnls  and  In  radiated 
■piiericHl  KL'Krci^ites.  O.  =  2-U.'>7.  Color  pale  iudigo,  inclined  lo  ccluudine-grveu.  From 
Lobfuaiein  in  Volglland;  UUlteuberg,  Carlutbia. 

Boblerrite.  Mi^iPiOt  -f  SH,0.  In  nggregntes  of  minute  crystals;  also  massive.  Col- 
orless to  widic.  From  llie  guano  of  Mcxillones.  od  Uie  Cliiiiau  const.  SaulrfevilUtt  la 
like  bobierrlte,  but  couIuiiiB  c.iU'lum,     From  Bamle,  Norway. 

HoBTDMile,  MfTiAsiOi  4-8H1O.  In  crystals  rescinbling  gypsura;  also  GOlumoar; 
etellur-foltalcd.     Color  siiow-wliilc.     From  tbe  Banal.  Hungary. 
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URTTHRITII.     Cobalt  Bloom.     Kobaltblathe  Oerm. 

Monoclinic.  Crystals  prismatic  and  vertically  striated.  Also  in  globular 
and  reniform  shapes,  having  a  drnsy  surface  and  a  columnar  structure;  some- 
times stellate.     Also  pulverulent  and  earthy,  incrusting. 

Cleavage:  b  highly  perfect.  Sectile.  H.  =  1  •5-2*5;  least  on  b.  G.  =  2*948. 
Luster  of  b  pearly;  other  faces  adamantine  to  vitreous;  also  dull,  earthy. 
Color  crimson-  and  peach-red,  sometimes  gray.  Streak  a  little  paler  than  the 
color.     Transparent  to  subtranslucent. 

€omp. — Hydrous  cobalt  arsenate,  Co,A8,0.  +  811,0  =  Arsenic  pentoxide 
38*4,  cobalt  protoxide  375,  water  24'1  =  100.  The  cobalt  is  sometimes  replaced 
by  nickel,  iron,  and  calcium. 

Pyr.,  etc. — lu  the  closed  tube  yields T^rater  at  a  geutle  heat  aud  turos  bluish;  at  a  hiKher 
heat  gives  ofif  arsenic  trioxide,  which  condenses  in  crystals  on  the  cool  glass,  and  the  residue 
has  a  dark  gmy  or  black  color.  B.B.  in  the  forceps  fuses  at  2  to  a  gray  bead,  and  colors 
the  flame  light  blue  (arsenic).  B.B.  on  charcoal  gives  an  arsenical  odor,  and  fuses  to  a 
dark  gray  arsenide,  which  with  borax  gives  the  deep  blue  color  characteristic  of  cobalt. 
Soluble  in  hydrochloric  acid,  giving  a  rose-red  solution. 

Obs.— Occurs  at  Schneeberg  in  Saxony,  in  roicuceous  scales;  Wolfach  in  Baden;  Modum 
in  Norway. 

lu  the  U.  S..  in  Penn..  sparingly  near  Philadelphia;  in  Nevada,  at  Lovelock's  station. 
In  California.     Named  from  efjvB/jo^,  red. 

Annabergite.  NitAsgO*  -f  8HsO.  In  capillary  crystals;  also  massive  and  disseuiinaied. 
Color  fine  apple-green.  From  Alleuioni  in  Dauphine;  Annaberg  and  Schneeberg; 
RiecheKsdorf;  in  Colorado;  Nevtida. 

Cabrerite.  (Ni.M^)iA8,0«  +  8H,0.  Like  erythrite  inhabit.  Also  fibrous,  radiated; 
reniform,  granular.  Color  apple-green.  From  the  Sierra  Cabreni,  Spain;  at  Laurioo, 
Greece. 

E5ttigite.  Hydrous  zinc  aroenate,  ZiiiAPjOt  4-811.0  Massive,  or  in  crusts.  Color 
liirht  cariidne-  and  peach-blossom-red.  Occurs  with  smaltite  at  the  cobalt  mine  Daniel, 
near  Schneeberg. 

Rhabdophanite.  Scovlllitc.  A  hydrous  phosphate  of  the  cerium  and  yttrium  metals. 
Ma.ssive.  small  mamillary;  as  an  incrustation.  G.  =  8*d4-4  01.  Color  brown,  pinkish  or 
yellowish  white.  RhabdoplianiU  is  from  Cornwall;  Seovillite  is  from  the  Scoville  (limoniie) 
ore  bed  in  Salisbury,  Conn. 

Chorohite.  A  hydrous  phosphate  of  cerium  and  calcium.  As  a  thin  coating  of 
minute  crystals.    G.  =  814.  Color  pale  smoke-gray  tinged  with  flesh-red.    From  Cornwall. 


800R0DITZI. 
^45.  Orthorhombic.     Axes  d:h:i  =  0-8658  :  1  :  0-9541. 

(fer,    120  A  120  =  60-  1'.  «/'.   HI  A  Hi  =  HI"    6'. 

pf/     111  A  ill  =  "J?"  8'.  1^".  Hi  A  111  =    65*  20'. 

Habit  octahedral,  also  prismatic.     Also  earthy,  amorphous. 
Cleavage:   d  imperfect;  a,  b  in  traces.     Fracture   uneven. 
Brittle.     H.  =  3*5-4.     G.  =  3-1-3-3.      Luster  vitreous   to  sub- 
adamantine  and  subresinous.     Color  pale  leek-green  or  liver- 
brown.     Streak  white.     Subtransparent  to  translucent. 

Com  p.— Hydrous  ferric  arsenate,  FeAsO,  +  2H,0  =  Arsenic 

pentoxide  49-8,  iron  sesquioxide  34  6,  water  15*6  =  100. 

Pyr..  etc -In  Ihe  closed  liilie  yields  neutral  water  and   turns  yellow.     B.B.  fuses 

easily,  coloring  the  flame  bine      B.B.  on  charcoal  gives  arsenical  fumes,  and  with  soda  a 

black  magnetic  scoria      With  the  fluxes  reads  for  iron.     Soluble  in  hydrochloric  acid. 

Ob«.— Often  associated  with  arsenopyrite.    From  Schwarzenberg,  Saxony;  Dernbach, 
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Kaaau;  L&IIing,  CviatUa.  X«TckiHk,  Sbcrik  !■  fine  OTitak;  le^-f  ven,  is  the  Cbnafc 


Occrin  a«mr  Edft&Tille.  X.  T..  wish  anesofifrce:  is  Utftli,  Hade  diMrid,   at  the 
]Iamiikyhii.:&eocecmrri:e.   AsaniacraratMxicsfOkctNBBBtierof  tbeTciSoi 
Named  from  a 0c ^ju  7^ or,  ^mriie,  aLodlsg  to  tlie  odor  befoie  tbe  blovpipCL 

Strancit*.     F«;FO«  —  SH^O.    CTTfrals  lare:  in  babct  sad  aa^  ac 
in  spberi'.^  ^cd  bcArrosda.  form^.  '  G.  =  ^'^.    Coior  paie  red.    Y\ 
Gicsteo:  a-K/  :q  Kocktiridge  Co,.  Va..  v:?li  dnfrcaiie. 

Fhoapi^Trfdfit#.  2FePO«  —  S^HsO.  Ao  iroo  phcxpfaate  aetf  ftien^iie.  bat  wiU 
SiHsO.     From  tt»e  Siegeo  mtniag  datiict,  GcnaAar. 

Bamadita  ^Al  Fe/PO^  —  SHsO.  In  ^:-hcroidal  ooacrctiooa.  color  pale  ahades  of 
gnj.     Fn^m  Bob^mia. 

VariacHa.  AiP^>«  -^  2H4O,  Commofx^r  in  crrstalliBe  aggrrntci  aad  facmstatioaf 
with  reniforiu  Mirfaoe.  C>>k*r  ^nm.  From  Meatbacli  in  SajiOD  Yoigtlacd:  Monl^omerr 
Co..  Askmnvih,  on  q'iartx;  :u  uo«;uiar  mttt  from  Utah. 


CaUafaite.     AJKl«-^2IH,0       Mamre;    «ax-l:ke.      Color  apple-  to  emefald-gicciL 
From  a  Celuc  ^rare  io  I>x:Koiaria(|iier. 

Zapharoricfaita.     A:P0«  —  :{H,0.     Cnrsiallioe  to  compact.     Color  yellowish  or  pajiili 
whi  e.     Frmo  Treoic  in  Bobemta. 

Koainckita.      FePO«  4- 3H,0.     In  small  spherical  aggresmtes  of  ladiatiD^  nrrdki 
Color  yellow.    From  Ricbelle,  Beijdam. 


Acid  Hydrous  Phosphates,  etc. 

PHARMAOOUTB. 

Monoclinic.  Crystah  rare.  Commonly  in  delicate  silky  fibers;  also 
botryoidal,  gtalactitic. 

Cleavage:  i&  perfect.  Fracture  uneven.  Flexible  in  thin  laminae.  H.  = 
2-^*5.  a.  =  2'G4-2'73.  Luster  vitreous;  on  b  inclining  to  pearly.  Color 
white  or  grayi.sh;  frequently  tinged  red.  Streak  white.  Translucent  to 
opaque. 

Comp.— Probably  IICaAsO^  -f  2H,0  =  Arsenic  pentoxide  53-3,  lime  25*9, 
water  20-8  =  100. 

Obs  —Found  with  aivnical  ores  of  cobalt  niid  silver,  also  wiib  arseoopyrite;  at 
Aiidrefi«l»eri;  in  the  Hnrz;  Riechelsflorf  iu  Hesse;  Joacbinisthal  io  Bohemia,  etc  Kamed 
from  (p'Xfjfjatcoy,  potMon. 

Haidingerite.  HCaAs04  4-  lUO.  In  minute  crystal  aggregates,  botryoidal  and  drusy. 
G.  =  2  848.     Color  white.     From  Joachimsthal  with  pharmacolite. 

Wapplerita.  IICaAsO,  4-  ^illsO.  In  minute  crystals;  also  io  incrustations.  Color- 
less to  wliite.     Pound  with  ptiarmacolite  at  Joachimstlml. 

Brushita.  HCu PO4  \-  2H3O.  In  small  slender  prisms;  concretionary  massive.  Color- 
less to  pile  yeilowisii.  Occurs  in  guano.  Metabmshite,  similarly  associated,  is 
2HCaP04+8iI,0. 

Martinita.  lUi^tLtiPO^)^  +  ^H^O.  From  phosphorite  deposits  (from  guano)  in  the 
island  of  Cura^riii,  W.  ludief. 

Newbaryite  FIMgPO*  -f-  8HaO.  In  white  ortliorhombic  crystals.  From  guano  of 
Skipton  C>ivi;s.  Victoria.  Hannayite,  from  same  1«  cnlity.  is  a  hydrous  phosphate  of 
ammonium  and  nni^nesium. 

Stercorlte.  Microcr)8mic  palt.  HNa'NH4)P04  +  4H,0.  Phosphorsa  z  Germ.  In 
white  crystalline*  masses  and  nodules  in  guano. 

Hureaolite.  lUMnt^PO^)*  -h  4H,0.  In  short  prismatic  crystals  (monoclinic).  Also 
massi  e.  compacl,  or  imperfectly  fibrous.  Color  yellowish,  orange-re<l.  n>«e.  grnyish. 
From  LiujojjcH,  commune  of  Hureuux.  France.     In  the  U.  States,  at  Branchville.  Conn. 

Forbesite.  H9(Ni. Co )« AsaO. -f  811,0.  Structure  fibro- crystalline.  Color  gmyifih 
white.     From  Atacama. 
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Basic  Hydrous  Phosphates,  etc. 

Ifloclasite.  CasP30i.Ca(OH)s.4HsO.  In  minute  wbite  crystals;  also  columnar.  From 
Jonchimstbal. 

Hemafibrite.  MDsAsaO«.8Mu(OH),  +  2UsO.  Commouly  in  spberical  radiated  groups. 
Colur  browuisb  red  to  gartiel-red,  becoming  black.  From  tbe  Moss  mine,  Nordiuurk, 
Sweden. 

EUCHROrrB. 

Orthorhombic.  Habit  prismatic  ww'"=  62**  40'.  Cleavage:  w,  n  (Oil) 
in  traces.  Fracture  small  conchoidal  to  uneveu.  Rather  brittle.  H.  =  3*5-4. 
G.  =  3  389.  Luster  vitreous.  Color  bright  emerald-  or  leek-green.  Trans- 
parent to  translucent. 

€omp. — Cu,A8,0^.Cu(0H),+  6H,0  =  Arsenic  pentoxide  34*2,  cupric  oxide 

471,  water  18'7  =  100. 

Obs.— Occurs  in  quartzose  mica  slate  at  Libetben  in  Hungary,  in  crystals  of  consider- 
able size,  having  much  resemblance  to  dioptase.     Named  from  evxfjoa,  beautiful  color. 

Conichalcite.  Perhaps  (Cu,Ca)tAstOt.(Cu,Ca)(OH)« -f-iH,0.  Reniform  and  massive, 
resembling  malachite.  Color  pistachio-green  to  emerald-green.  From  Andalusia,  Spain; 
Tintic  district.  Utah. 

Bayldonite.  (Pb  Cu)sAssO«.(Pb,Cu)(OH}«  -f-  H,0.  In  mamillary  coucretious,  drusy. 
Color  green.     From  Cornwall. 

Tagilite.     CuaPtOt  Cu(OH),  +  2HsO.     In  reniform  or  spheroidal  concretions;  earthy.  ^^ 
Color  verdigris-  to  emerald-green.     From  the  Ural.  ^f 

liBucochalcite.     Probably  CutAs«Oa.C(i(OH)«  -|-  2H,0.     In  wbite.  silky  acicular  cr34r 
tals.     From  the  Wilhelmiue  mine  in  the  Sptssart,  Germany. 

Volborthite.  A  hydrous  vanadate  of  copper,  barium,  and  calcium.  In  small  six-sided 
tables,  in  globular  forms.     Color  olive-green,  citron-yellow.     From  ilie  Ural. 

ComwaUite.  CusAs,0t.2Cu(0H),  -f  H,0.  Massive,  re-^embling  malachite.  Color 
emerald  green.     From  Cornwall. 

Tyrollte.  Tirolit.  Kupferschaum  Oerm.  Perhaps  Cu,As,0e.2Cu(0H),  -}-  7H«0. 
Usually  in  fan-sbaped  crystalline  groups;  in  foliated  aggregates;  txlan  massive.     Cleavage 

EBrfect,  yielding  soft  thin  flexible  laminae.  Color  pale  green  inclining  lo  sky-blue.  From 
ibetben.  Hungary;  Nerchinsk,  Siberia:  Falkenstein,  Tvrol;  etc  In  the  U.  States,  in  the 
Tintic  district.  Utah.  Some  analyses  yield  CaCOs,  usually  regarded  as  an  impurity,  but  it 
may  be  essential. 

OHALCOPHTLUTB. 

Rhombohedral.     Axis  d  =  2-5538.     cr  =  71^  16',  rr'  =  110^  12'. 

In   tabular  crystals;    also   foliated    massive;    in  945, 

druses. 

Cleavage:  c  highly  perfect;  r  in  traces.     H.  =  2.     ^c^^""'^       « 
G.  =  2-4-2*66.     Luster  of  c  pearly;    of  other  faces        ^ 
vitreous  or  subadamantine.     Color  emerald-  or  grass- 
green   to  verdigris-green.     Streak    somewhat    paler 
than  the  color.     Transparent  to  translucent.     Optically  — . 

Comp. — A  highly  basic   arsenate  of  copper;  formula  uncertain,  perhaps 
7CuO.A8,0..14H,0. 

Pyr.,  etc. — In  the  closed  tube  decrepitates,  vields  much  water,  and  pives  a  residue  of 
olive-green  scales.  In  other  res|)ects  like  olivenite.  Soluble  in  nitric  acid,  and  in 
ammonia. 

Obs. — From  the  copper  mines  near  Redruth  in  Cornwall;  at  Sayda,  Saxony;  Moldawa 
in  the  Banat      In  the  U.  Stales,  in  the  Tintic  district,  Utah. 

Veszelyite.  A  hydrous  pliospho-arsenate  of  copper  a»'d  zinc,  formula  uncertain. 
Occurs  as  a  greenish-blue  crystalline  incrustation  at  Morawiiza,  in  the  Banat. 
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Orthorhombic.  Axes  tf  :  X  :<f  =  0  5049  : 1  :  03751.  Crystals  n^e.  U«u- 
mUj  in  aggregates,  beniispherical  or  globular  with  crrstaliine  gurfaoe,  and 
radiated  stmctare. 

Clearage:  //  (101)  and  b  rather  perfect.  Fracture  uneven  to  eubconchoidal. 
Brittle.  H.  =  3  25-4.  G.  =  2-316-2-337.  Luster  riireous,  inclining  to  pearly 
and  reeinouH.  Color  white,  [massing  into  yellow,  green,  gray,  brown  and  black. 
Streak  white.     Translucent. 

Comp.-4A1PO/2.\1(OH), +  9H,0  =  Phosphorus  pentoiide  35*2,  alnmina 
38*0,  water  2»)'&  =  l<J<i.     Fluorine  is  sometimes  present,  up  to  2  p.  c. 

Pyr.,  etc.— lu  tbe  clm^ed  lube  g.ve^t  off  much  water,  ibe  last  |X>ni<»ii»  of  wbicb  nract 
acid  and  color  Brazil-nood  paiier  jeiiow  (fluorioe),  and  also  etcb  the  tiiU:.  B.B.  io  the 
forceps  swells  up  aii<i  «^plii«  iuto  tiDe  infuMble  iKirticles.  cokiring  tbe  liame  pal«  ^reen. 
Oives  a  blue  with  cobalt  subitioti.  Heated  with  sulptiuric  ac:d  g:Trs  off  fami^  of  bydro- 
fluoiic  acid,  whicb  etch  glas^.     Soluble  in  bydrocbioric  acid,  nod  als  ■  in  caii>tic  potash. 

Obs, — Froiu  B  iniftiapie  in  DeTonj»bire;  at  Zbirow  io  Bobemia;  at  Fntnkeolter];.  Saxooy; 
Kioa«  Gera'-s.  Brazil,  etc. 

Id  tbe  Unltefl  States  at  tbe  slate  quarries  of  York  Co.,  Pa.;  White  Horse  Sutioo,  Ches- 
ter Valley  R.  R..  Pa.;  ^lagnet  Cove,  Arkansas. 

Fiscberite.  AiPO«.AWOH)»  -j-  ^H,0.  In  J^mall  prismatic  crystals  and  in  drosy 
crusts.     Color  green      From  Xizbui  Tagilsk  in  tbe  Ural. 

Peganite.  AUPO«).Al(OH)s -f  l)HsO.  Occurs  in  green  crusts,  of  small  prismatic 
crystaU,  at  Striegis,  near  Freiberg,  Saxony. 

TURQUOIS.     Turquoise. 

Massive;  amorphous  or  cryptocrystalline.  Beniform,  stalactitic,  or  in- 
crusting.     In  thin  seams  and  disseminated  grains.     Also  in  rolled  masses. 

Cleavage  none.  Fracture  small  conchoidal.  Rather  brittle.  H.  =  6. 
fj.  —  2-G-2  «3.  Luster  somewhat  waxy,  feeble.  Color  sky-blue,  bluish  green 
to  apple-green,  and  greenish  gray.  Streak  white  or  greenish.  Feebly  sub- 
tranglucent  to  opaque. 

Comp. — A  hydrous  phosphate  of  aluminium  colored  by  a  copper  compound, 
A1P0,.A1(0H), -f  11,0  =  Phosphorus  pentoxide  32*6,  alumina  46*8,  water 
20  6  =  100.     The  nopper  salt  probably  has  the  composition  2CuO.P,0».4H,0. 

Pyr,  etc.— In  ilie  clo«e<l  tube  decrepitates,  yields  water,  and  turns  brown  or  black. 
B.B.  in  the  forceps  lieromes  brown  and  assumes  a  glassy  appearance,  but  does  not  fuse; 
<!olors  the  flame  green:  inoistenc*d  with  bydrocbioric  acid  tbe  color  is  at  first  blue  (copper 
•cbloride).     With  the  fluxes  reacts  for  copper.     Soluble  in  bydrocbioric  acid. 

Obs. — The  highly  prized  oriental  tun^uois  occurs  in  narrow  seams  (2  to  4  or  even  6  mm. 
In  thickness)  or  in  irregular  patches  in  the  brecciated  portions  of  a  porpbyritic  tracbyte 
and  tbe  surounding  clny  slate  in  Persia,  not  far  from  Nisbftpdr,  Khorassan;  in  tbe  Megara 
Valley,  Siiud:  in  tbe  Knra-Tube  Mis.  in  Turkestan,  50  rerKts  from  Samarkand. 

In  the  U.  States,  occurs  in  the  Los  Cerillos  Mts..  20  m.  8.  E.  of  Santa  F6,  New  Mexico, 
ill  a  trachytic  rock,  a  locality  long  mined  by  the  Mexicans  and  in  recent  years  reopened 
nnd  extensively  worked;  in  the  Burro  Mts.,  Grant  Co.,  N.  M.;  pale  green  variety  near 
■Columbus,  NevadM. 

Nulural  turquois  of  inferior  color  is  often  artificially  treated  to  give  it  tbe  tint  desired. 
MoreoviT.  man?  stonr's  which  are  of  a  fine  blue  when  first  found  retain  tbe  color  only  so 
long  a8  they  are  ki*pt  moist,  and  when  dry  they  fade,  become  a  dirty  green,  and  are  of 
lillc  value.  Much  of  the  turquois  ^nr)t  artificial  •  used  in  jewelry  in  former  centuries,  as 
well  a«*  the  present,  and  that  descrilwd  iu  the  early  works  on  minerals,  was  bone-turgwnB 
trailed  also  odontolite,  from  of^ovi.  tooth),  which  is  fossil  bone,  or  tooth,  colored  by  a  phos- 
phate of  iron.  Its  organic  origin  l)e<-ome«»  manifest  under  a  microscope.  Moreover,  .true 
lurquois,  when  decompose<i  by  hydrochloric  acid,  gives  a  fine  blue  color  with  ammonia, 
which  is  not  true  of  the  odontolite. 

Wardite.  2A1,0,.P,0».4H,0.  Forms  light-jrreen  or  bluisb-irreen  concretionary  in- 
cu  taiioDS  iu  cavities  of  nodular  mtisses  of  variscite  from  Uudi.     H.  =5.     O.  =  2*77. 
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Sphttrite.  Perhaps  4 AlP04.6AI(OH)t.  In  globular  drusy  coDcretions.  Color  light 
gray,  bluish.    From  oenr  St.  Benigiia,  Bohemia. 

liiflkeardite.  (AI.Fe)A804.3<  Al,Fe)(OH)i  -|-  5HsO.  In  thiu  incrustiiig  layers,  white  or 
bluish.     From  Liskeard,  Coruwall. 

Svansite.  2A)P04.4AI(OH)t  +  12HtO.  Massive;  reniform  or  botryoidal.  Colorless, 
or  milk-white.     From  Zseicznik,  Uuugary. 

CcERULKOLACTiTB.  Perhups  8AlsOt.2rsOt.lOHsO.  Crypto-crystalline;  milk-white  to 
light  copper-blue.  From  near  EatzeDcllDbogeu,  Nassau;  also  East  Whiteland  Township, 
Chester  Co.,  Penn. 

Augelite.  2AlsOt.P9Oft.8HtO.  In  tabular  monoclinlc  crystals  and  massive.  G.  =  2*7. 
Colorless  to  white.  From  the  iron  mine  of  Weslan&,  Sweden.  The  same  locality  has  also 
yielded  the  following  alundnium  phosphates. 

Beklinite.  2AltOs  2PtOt.HtO.  Compact,  massive.  G.  =  2*64.  Colorless  to  grayish 
or  rose- red, 

Trolleite.  4A1tOt.8PtOt.8HtO.  Compact,  indistinctly  cleavable.  G.  =  810.  Color 
pale  green. 

Attacolite.  P90ft.AltO«,MnO,CaO,HtO,  etc. ;  formula  doubtful.  Massive.  G.  = 
8  09.     Color  salmou-red. 


947. 


PHARMAOOSIDBRITB. 

Isometric-tetrahedral.     Commonly    in    tubes;    also    tetrahedral.     Rarely 
granular. 

Cleavage:  a  imperfect.  Fracture  uneven.  Rather 
eectile.  H.  =  2*5.  G.  =  2-9-3.  Luster  adamantine 
to  greasy,  not  very  distinct.  Color  olive-,  grass-  or 
emerald -green,  yellowish  brown,  honey-yellow.  Streak 
green  to  brown,  yellow,  pale.  Subtransparent  to  sub- 
translncent.     Pyroelectric. 

Comp.— Perhaps      6FeAsO,.2Fe(OH),  +  12H,0  - 
Arsenic   pentoxide   43*1,  iron  sesqiiioxide  40*0,  water 

16-9  =  100. 

'Pyr.,  etc. — Same  :i8  for  soorodite 

Oba. — Obtained  at  the  mines  in  Cornwall,  with  ores  of  cofv 
per;   al  Sclineeberg  aiul   S  bwnrzt^nberir.  Saxony;  nl  Ki)nig»berg,  near  Sclieninitz.  Unn- 
gary.     In  Utah,  tit  the  Mammoth  mine,  Tintic  district.     Named  trum  <pdp^ntcor,  poiton, 
and  ai^r^fjo?,  iron 

Ludlamite.  'iFosPaOs  Fe(OFI))  -f-  8HtO.  Occurs  in  small  green  tabular  crystals 
(monoclinic),  near  Truro,  Cornwall. 

Cacoxenite.  Kakoxon  Germ.  FeP04.FerOH), -f- iJHaO.  In  radiated  tufte  of  a  yel- 
low or  brownish  color.     From  near  St.  Benigna  in  Bohemia;  Lancaster  Co.,  Penn. 

Beramiite.  Perhaps  2FeP04.Fe(0[I)»  -}-  2IH9O.  Commonly  in  drus*  s  and  in  radiated 
globules  and  cru-is.  Color  reddish  brown  to  nark  hyacinth-red.  From  St.  Benigna.  near 
Heratin,  in  Bohemia  EUonoriie,  in  tabular  crystals,  is  the  same  mineral.  From  the 
Eleonore  mine  near  Gies-sen. 

Globositb,  Picitb,  Drlvauxite  are  other  hydrated  ferric  phosphates. 


CHIU>RBNITZ!. 

Orthorhombic.      Axes  d:h:i  =  0-7780  :  1  :  0*52575. 

mm'",  110  A  110  =    75"  46'.  rr"\     131  A  I81  =  105'    9'. 

rr',       131  A  131=    39Mr.  ss\        131  a  121  =    49- 56^'. 

Only  known  in  crystals.  Cleavage:  a  imperfect.  Fracture  uneven.  H.  = 
4'5-5.  G.  =  318-3*24.  Luster  vitreous  to  resinous.  Color  yellowish  white, 
pale  yellowish  brown,  brownish  black.  Streak  white  to  yellowish.  Trans- 
lucent. 

Comp.— In    general    2AlPO,.2Fe(OH),  +  2H,0.     Phosphorus    pentoxide 


514  DE6CR1PTITE  MIKERALOOT. 

30-9,  alumina  22*2,  iron  protoxide  31*3,  water  15*6  =  100.  Manganese 
replaces  part  of  the  iron  and  it  hence  graduates  into  eosphorite. 

Pyr..  etc.— lo  the  closed  lube  gives  off  iieutml  waler  B.B.  swens  up  ioto  rmniifica- 
tioDS.  and  fuses  od  the  edges  lo  a  black  mass,  coloring  the  flame  pale  greeo.  Heated  on 
cbarcoal  turns  black  and  becomes  magnetic.  Wiih  wnla  gives  a  n-aciiou  for  manganese. 
With  borax  and  fcalt  of  phosphorus  reacis  for  iron  and  maugaue&e.  Soluble  iu  hydro- 
chloric acid. 

Oba— From  Tavistock.  Devonshire.     In  U.  States,  at  Hebron.  Me. 

Bosphorite.  Form  and  composition  as  for  child reuiie,  but  conUiiuing  chiefly  mangauese 
instead  of  iron.  In  prismatic  crystals;  also  massive.  Color  rose-pink,  yellowish,  etc. 
From  Brauchville,  Conn. 

Mazapilite.  Cn,Fe,(As04^4.2FeO(OH)  -f-  5H,0.  In  slender  prismatic  crystals.  G.  = 
3'567-8-582.     Color  black.     From  Mnzupil.  Mexico. 

Oalcioferrite.  CaiFe.'PO*)*.  Fc(OH  i.8H«0.  Occurs  in  yellow  to  green  nodules  in  clay 
at  Battenberg,  Rhenish  Bavaria. 

Borickite.  Pcrha|)s  Ca,Fe,(P04)4.12Fe(OH)i -f  6H,0.  Reni form  massive;  compact. 
Color  reddish  brown.     From  L<  olien  in  Siyrin;  Bohemia. 

RiCHELLiTE.  Perhaps  4FeP,0..  Fe.OF,  (OH),  +  36H,0.  Massive,  compact  or  foliated. 
Color  yellow.     From  Kichelle,  Belgium. 

LIROOONmi. 

Monoclinic.     Axes  a:i:i=  1-3191  :  1  :  1-6808;  /3  =  88°  33'. 

9^9  mm' '.  no  A  110  =  ia5'  W.        iikj',  110  A  Oil  =  46*  10'. 

«j'.       Oil  A  Oil  =  118'  2y.        wi'«,  110  A  oil  =  47*  24'. 

Crystals  resembling  rhombic  octahedrons.  Rarely 
granular.  Cleavage:  tn^  e  indistinct.  Fracture  subcon- 
clioidal  to  uneven.  Imperfectly  sectile.  II.  =  2-2-5. 
G.  =  2*88-?-2'985.  Luster  vitreous,  inclining  to  resinous. 
Color  and  streak  sky-blue  to  verdigris-green. 

Comp. — A  hydrous  arsenate  of  aluminium  and  cop- 
per, formula  uncertain;  analyses  correspond  nearly  to 
Cn.Al(A80J,.3CuAl(OH),  20H,0  =  Arsenic   pentoxide 

28*9,  alumina  103,  cupric  oxide  35*9,  water  24*9  =  100.     Phosphorus  replaces 

part  of  the  arsenic, 

Pyr.,  etc.— In  the  closed  tube  gives  much  water  and  turns  olive-green.  B.B  cracks 
open,  but  does  not  decrepitate;  fuses  less  reiidily  than  Oliver  ite  ton  dark  gray  sing;  ou  char- 
coal cracks  open,  dedagrates,  and  gives  reactions  like  olivenite.     Soluble  iu  uitric  acid. 

Oba. — From  Cornwall;  Herrengruud  in  Hunpary. 

Ohenevizite.  Perhaps  Cu,(FeO),A8a08  4-  8H,0.  Massive  to  compact.  Color  dark 
green  to  greenish  yellow.     From  Cornwall;  Utah. 

Henwoodite.  a  hydrated  phosphate  of  aluminium  and  copper.  Id  botryoidal  globu- 
lar masses.     Color  turquois-blue.     From  Cornwall. 

Ohalcosiderite.     CuO  8Fe,03.2P,Os  8H,0.     Id   sheaf  like  crystallioe    groups,  as  in- 
crustations.    Color  light  siskin-preen.     From  Cornwall. 
Andrewbite.  also  from  C'»rnwall.  is  near  chalcosiderite. 

Kehoeite.  A  hydrated  pliosplinte  of  aluminium,  ziuc,  etc.  Massive.  O.  =  2  84. 
From  Galena,  So.  Dakota. 

Goyazite.  Perhaps  CasAlioPaOas.OHjO.  In  small  rounded  grains  Color  yellowish 
white.     From  Minns  Geraes.  Brazil. 

Plumbogummite.  A  hydrated  pliosplinte  of  lead  and  alumiDium.  Resembles  drops  or 
coatings  of  gum;  as  incrustations.  Color  yellowish,  brownish.  With  galeoa  at  Huelgoet, 
Brittany,  and  elsewhere. 
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Uraiiite  Group. 

TORBBRNITB.    Copper  UniDite.    Kupferurauit  (?0rm.  ^    CA\frAt^v<^ 
Tetragonal.    Axis  b  =  2*9361.     Crystals  usually  square  tables^  sometimes 
very  thin,  again  thick;  less  often  pyramidal.     Also  foliated,  micaceous. 

Cleavage:  c  perfect,  micaceous.  Laminae  brittle.  H.  =  2-2*5.  G.  = 
3*4-3*6.  Luster  of  c  pearly,  other  faces  subadamantine.  Color  emerald-  and 
grass-green,  and  sometimes  leek-,  apple-,  and  siskin-green.  Streak  paler  than 
the  color.     Transparent  to  subtranslucent.     Optically  uniaxial;  negative. 

Comp. — A  hydrous  phosphate  of  uranium  and  copper,  Cu(UO,),P,0,  + 
8H,0  =  Phosphorus  pentoxide  15*1,  uranium  trioxide  61*2,  copper  8*4,  water 
15*3  =  100.    Arsenic  may  replace  part  of  the  phosphorus. 

P3n'.>  0tc. — Id  the  closed  lube  yields  water.  In  the  forceps  fuses  mI  2*5  to  a  blackish 
mass,  and  colors  the  flame  grecD.  With  salt  of  phosphorus  gives  a  ^reen  bead,  which  with 
Ud  00  charcoal  becomes  on  cooling  opaque  red  (copper).  With  soda  on  cliurcoul  gives  a 
globule  of  copper.     Soluble  in  nitric  acid. 

Obs. — From  Gunnis  Lake  and  elsewhere  in  Cornwall;  Schneeberg,  etc.,  Saxony; 
Joachimsthal,  Bohemia. 

Zeunerite.  Cu(UO«)sA8iO«-i-  8H9O.  In  tabular  crystals  resembling  torbernite  in  form 
and  color.    G.  =  8 '2.    Yrom  Schneeberg,  Saxony;  near  Joachimsthal;  Cornwall. 


AUTUNTTB.    Lime  Uranite.    Ealkuranit  Qerm, 

Orthorhombic.  In  thin  tabular  crystals,  nearly  tetragonal  in  form  and 
deviating  but  slightly  from  torbernite  in  angle;  also  foliated,  micaceous. 

Cleavage:  basal,  eminent.  Laminse  brittle.  H.  =  2-2*5.  G.  =  3*05-3*19. 
Luster  of  c  pearly,  elsewhere  subadamantine.  Color  lemon-  to  sulphur- 
yellow.  Streak  yellowish.  Transparent  to  translucent.  Optically  — .  Ax. 
pi.  \h.     Bx  ±  c.     /?  =  1*572. 

Comp. — A  hydrous  phosphate  of  uranium  and  calcium,  probably  analogous 
to  torbernite,  Ca(UO,),P,0,  -f  8H,0  or  Ca0.2UO,.P,0..8H,0  =  Phosphorus 
pentoxide  15*5,  uranium  trioxide  62*7,  lime  6*1,  water  15*7  =  100. 

Some  analyses  give  10  and  others  12  molecules  of  water,  but  it  is  not  certain  that  the 
additional  amount  is  essential. 

Pyr.,  etc. — Same  as  for  torbernite,  but  no  reaction  for  copper. 

Obs. — With  uraninile,  as  at  Johanngeorgenstadt,  Falkenstein.  In  the  U.  States,  at 
Middletown  and  Branchville,  Conn.  In  N.  Carolina,  at  mica  mines  in  Mitchell  Co. ;  in 
Alexander  Co. ;  Black  Hills,  S.  Dakota. 

Uranospinite.  Probably  Ca(UOs)sAs,Os  +  8H3O.  In  thin  tabular  crystals  rectangular 
in  outline.     Color  siskin-green.    From  near  Schneeberg,  Saxony. 

Uranocircite.  Ba(UO,),P,08  -}-  BHsO.  In  crystals  similar  to  autunite.  Color  yellow- 
green.     From  Falkenstein,  Saxon  Voigtlaud. 


Phosphuranylite.  (UOs)tPiO«  +  6H,0.  As  a  pulverulent  incrustation.  Color  deep 
lenaon -yellow.     From  Mitchell  Co.,  N.  C. 

Trogerite.  (UOa)8As,0«  -f  12H«0.  In  thin  druses  of  tabular  crystals.  Color  lemoD- 
yellow.     From  near  Schneeberg,  Saxony. 

Walporgite.  Probably  Bi,g(UOa)«(OH),4(As04)4.  In  thin  yellow  crystals  resembling 
gypsum.     G.  =  576      Color  yellow.     From  near  Schneeberg,  Saxony. 

Rhagite.  Perhaps  2BiA804.3Bi(OH),.  In  crystalline  aggregates.  Color  yellowish 
green,  wax-yellow.     From  near  Schneeberg,  Saxony. 

Mizite.  A  hydrated  basic  arsenate  of  copper  and  bi8***uth,  formula  doubtful.  lo 
noicular  crystals;  as  an  incrustation.  Color  green  to  whitish.  From  Joachimsthal; 
Wittichen,  Baden;  Tintic  distr.,  Utah. 


DESCBIFTIVE  MINERALOGT. 


Aiitjmonates;  also  Antimonites,  Arsenites. 

:f  ^TiiimoutLtes  have  been  inclnded  in  the  preceding  pages 
V   -t  ?ai»riA:€si,  arseijates,  etc 


3w^A^   Cbkiiiui    pyrfjftuiimoiiate,    CaaSb,Or.     lo    isometric    oculiedrous. 
i  =  5"»J8.    Coior  jc-ilow  lo  resin-browD.     From  Lacgban.  Sweden. 
■t»     A  Lvdroiis  aijTiiiJojiar»:  of  i«;:iil      Am'Tiiiious.  reniform:  also  earthy  i»r 
C.  It  r  -T-J,  browuiflb.  vtliowUh.     A   r»rsull  if  the  decom|XMitioo  of  other 
r  :_:i*i  HMrijjui!>en.  in  Ci>rii\%u;i:  Sevier  cold: y,  Arkansas. 

j-  ^timooil^  of  calciuni,  ijeriuips  C'liSJ/^O*.     lu  grnup«  of  minute  sqimre 
"i^  *     H-  above  5 '5.     G  =  4  7i:i     Color  byacinih-  nr  briDev-vellow.     From   Sl 


•  uT 


aud  as  an 
Swedeu; 


>5jireiit»     Pn'Jiably  Fb|Sbjf'i.2PlX'Ia.     In  small  crystals.  nnitiMl  indiveigiiig  groups. 
-^^"^,j-.ve'-  w.     From  PjijslMTir.  Sweib-n. 

^.^fmtm     E-«enn'nllv  nu  arsenitc  of  co\t\>»-r.     In  small  biui>b  irreen.  tetriigimal  crys- 


An  iron  antimonatc.     2Fe(>.SbaO».     In  microcrystalline  aggregates  of  a 

_^,  "l^i-Tcliow  rolor.     From  Tripuby.  Bnizi!. 

— Tjj^ag^.     An  aniimo-tltanatc  of  iron.     In  prismatic,  orthorbonibic  crystals.     H.  =  5. 
•'"tj'     Color  bhick.     Tripuby.  Bnizil. 

**      ^i0f'     5CaO  :iTiOi.3SbaO».     In   minute  yellow  to  brown  bonietric  octahedrons. 

-.  .utf'  Br««n. 

^^jadiit*.     A  titann-antimonatc  of  lead  and  calcium,  related  to  lewisite.     In  dark 

^^I^inefric  ontiihedrons.     Jakobsbcrg,  Sweden. 
■*'■' !-j,,ijTE.     A  doubtful   antiniooite    of    mercury;    forming  a  scarlet   earthy  mass. 


tea  or  Araenatea  with  Carbonatea,  Sulphatea,  Boratea. 


^M&f  ftn<l  Dahllite  (p.  400)  may  belong  here. 

I^jochite.     A  bv<lrated  phoHplmte  and  sulphate  of  ferric  iron;Thunngia.     DeztitieziU 

^S^r:  from  Hi-lfriuin. 

teita      A  hydraifd  arsenate  an»l  sulphati;  of  ferric  iron.     Reniform  aud  nins>ive. 

^^^iA\  and  r<*ddisli  brown.     From  Saxony.  Cornwall,  etc. 

^lyanhargite.     A   hydnitcd  phoHphitte  and  sulphate  of  aluminium   and  calcium.     In 
ibohedral  crystals.     Color  yellow  to  yellowish  brown,  rose-red.     From  HorrsjOberir, 


0giidantite.  A  phosph:ite  or  arsenate  with  sulphate  of  frrric  iron  and  lead;  formula 
^gMfiil  1"  rhoiuboh'Mlral  crvHtals.  Color  green  to  brown  and  black.  Prom  Cork; 
lE^lmch  nnd  IIorhauMcn.  Na<WMU. 

jindackerite.     Perhaps  :iXiO  6CuO  SC)i2As,0».7IIaO.     In  rosettet,  and  in   reniform 

lies.     Coli»r  vcrditrris-  to  apple-gn-en.     From  Joacldmsthal. 

jjnaburgjte      UMirO  HjOa-P-iO*  8IIi().     In  tiattened  masses,   fibrous  to  earthy  struc- 

g.    From  Lllneburg.  Ilannovrr. 

jiOtaenite.     A  hydrous  iron  arsenate  and  lead  sulphate  from  Laurion.  Greece. 
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Nitrates. 

The  Nitrates  being  largely  soluble  in  water  play  but  an  unimportant  rdle 
in  Mineralogy. 

SODA  NITER. 

Rbombohedral.  Axis  b  =  0-8276;  rr'  =  73"^  30'.  Homoeomorpbous  with 
calcite.     Usually  in  massive  form,  as  an  incrustation  or  in  beds. 

Cleavage:  r  perfect.  Fracture  conchoidal^  seldom  observable.  Bather 
sectile.  H.  =1-5-2.  G.  =  2'24-2-29.  Luster  vitreous.  Color  white;  also 
reddish  brown,  gray  and  lemon-yellow.  Transparent.  Taste  cooling.  Opti- 
cally -.     c»y  =  1  -5874,  €y  =  1  3361. 

Comp. — Sodium  nitrate,  NaNO,  =  Nitrogen  pentoxide  63*5,  soda  36'5  =  100. 

Pyr..  etc. — Deflagrates  on  charcoal  with  less  violence  than  niter,  causing  a  yellow 
light,  and  also  deliquesces.  Colors  the  flame  intensely  yellow.  Dissolves  in  three  parts  of 
water  at  60*  F. 

ObB.—From  Tarapaca,  northern  Chili,  and  also  the  neighboring  parts  of  Bolivia;  also 
ill  Humboldt  Co.,  Nevada;  near  Calico,  San  Bernardino  Co.,  Cal. 

Niter.    Potassium  nitrate,  ENOt.     In  thin  white  cnisU  and  silky  tufU. 


Nitrocalcite.  Hydrous  calcium  nitrate.  CafNOi>,  4- nH,0.  In  efflorescent  silky  tufts 
and  masses.     In  many  limestone  caverns,  as  those  of  Kentucky. 

Nitromagnesite.    Mg(NOi),  +  nH«0.    In  efflorescences  in  limestone  caves. 

Nitrobarite.     Barium  nitrate,  Ba(NO,),.     Isometric-tetartohedral.    From  Chili. 

Oerhardtite.  Basic  cupric  nitrate,  CufNOt.SCuCOH)!  In  pyramidal  orthorhombic 
crystals.     G.  =  8  436.     Color  emerald -green.     Prom  the  copper  mines  at  Jerome*  Arizona. 

Darapskite.  NaNO,.Na,804  +  H,0.  In  square  tabular  crystals.  Colorless.  From 
AtHcama.  Cbili.  ^ 

Nitroglauberite.    6NaNO,.2Na,S04.8H,0.    From  Atacama. 


Lautarite  Calcium  iodate,  CarlO,),.  In  prismatic  crystals,  colorless  to  yellowish. 
\  rom  the  sodium  nitrate  deposits  of  Atacama. 

Dietzeite.  A  ctilcium  iodo-chromate.  Monoclinic;  commonly  fibrous  or  columnar. 
H.  =  8-4.    G.  =  8-70.    Color  dark  gold-yellow.    Prom  the  same  region  as  lautarite. 


DKCSTFTITS   MIXEBALOOY. 


Oxygen  Salts. 
5.  BORATES. 

^_        etc,  allied  chemically  to  tbe  borates,  have  beeo  alretidy  inlro- 

■w«^«i^  -*^  -nVM^     They  include  ihe  species  of  the  Spinel  Group,  pp.  337-341,  also 


\fc  iiHVitcs^  ««uns  or  Teins.     H.  =  3.     G.  =  3-42.     Luster  silky  to  i>early. 
>»^-.  ^  hvtt  wish  a  tinge  of  pink  or  yellow.     Translucent. 


v«M^    fcfKBO,.   ^*>^^®    ^  =  ^^^y   ^^    '^^^^    ^^S  =  Boron    trioxide    34*1, 
ite»x^««^  t^wcoJLide,  41*5,  magnesia  15'6,  water  8*8  =  100.     Here  Mn  (+  Zn) 

^  ^ttt  tbe  closed  tube  darkens  in  color  and  yields  neutral  water.     If  turnaeric 


^jy^^^^tsfv^r  manganese.     Soluble  in  hydrochloric  acid. 

'^  ^^y^^^l  on  Mine  Hill,  Franklin   Furnace,  Sussex  Co.,  N.  J.,  with  franklinfle. 

i^ft^tMtle.  etc.    An  intimate  mixture  of  zincite  and  calcite,  not  uncommon  at  Mine 


%K.  ^^>^«  mistaken  for  sussexite,  but  the  ready  fusibility  of  the  genuine  mineral  is  dis- 


Perhaps  33IgO.B,0,  +  FeO.FeaO,.     In  finely  fibrous  masses.     G.  =  3-91- 
g^^Vivr  bUcklsh  green  to  nearly  black.     From  Morawitza.  Hungary. 

MWtlJIirT*!^^      3MgO.B303-i- MnO.MntiOs.      In   smalW  rectangular  crystals.      H.  =  6. 
-  i55t'     Luster  metallic.     Color  black.     From  Ldngban,  Sweden. 
^.^  l^y^xi^iwiji       A   calcium-tin    borate,   CaSn(BOs)s.      In    tabular    rhombohedral 
JJJU^lt  =  5*5-6.     G.  =  4*20.     Color  sulphur-yellow.    From  the  Langensund   flord. 

wa^gn^irite.      Eichwaldite.      Aluminium   borate,    AlBOf.     In   prismatic  hexagonal 
JJSTh.  =  6-5.     G.  =  3-28.      Colorless  to  pale  yellow.     From  Mt.   Soktuj,  Aduu- 
OwJM  V«nf«  ^^  Eastern  Siberia. 

iJIstlitiT      Be,(OH)BO,.     In   grayish-white  prismatic  crystals.     H.  =  7  5.     Q.  = 
|>^m  Langesund  fiord,  southern  Norway. 

Ite.      2MgiB40ii.3H,0.      In  small  nodules;    white  outside,  yellow  withiu. 

^j^^l^biUiya.  Hungary. 


Il^iinetric  and  tetrahedral  in  external  form  under  ordinary  conditions,  but 
^  flcJecular  structure  orthorhombic  and  pseudo-isometric:  the  structure 
^iQ^cie  isotropic,  as  required  by  the  form,  only  when  heated  to  265°.     (See 

H^bit  cubic  and  tetrahedral  or  octahedral;  also  dodecahedral.  Crystals 
mpuJIy  isolated,  embedded;  less  often  in  groups.  Faces  o  bright  and  smooth, 
^^U  or  uneyen. 

CSte*v*g®'  0,  0^  in  traces.     Fracture  conchoidal,  uneven.     Brittle.     H.  =  7 
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in  crystals.     G.  =  2'9-3.     LuBter  vitreouB,   inclining  to  adamantine.     Color 

white,  inclining  to  gray,  yellow  and  green.  Streak  white.  Su bt ran s parent  to 
tranBlucent.  Commonly  Bhows  double  refraction,  wbich,  however,  diBappears 
upon  heating  to  265",  when  a  section  becomeB  iBotropic.  Refractive  index 
H,  =  1-667;  y-a  =  i)  0107. 


Strongly  pyroelectric,  the  oppOBite  polarity  corresponding  to  the  pOBition 
ot  the  4-  a'"J  —  tetrahedral  faceB  (see  pp.  234,  235).  The  faceS  of  tne  dull 
tetrahedron  o,  (ill)  form  the  analogous  pole,  thoBe  of  the  polished  form  o 
(111)  the  antilogous  pole,  Kose. 

Comp.— Mg,Cl,B„0„  or  6MgO.MgCl,.8B,0  =  Boron  trioxide  625,  mag- 
nesia 31-4,  chlorine  7-9  =  lOlS,  deduct  (0  =  CI)  19  =  100. 

Var.— 1.   Ordinnr//.     In  crTstnls  of  vnried   lialn't.     2.  Mamtt,  with  fomctlmca  h  rub- 
columnar  structure;  ilaiifurlite  of  Rose.     It   n seniblcs  b  flQe-gralDcd  ivLite  msible  or 
rnoiilar  limeaioQe.     Parimlt  of  Volger  is  \Ue  plumuu;  loierior  of  Gonje  cijsiaU  of  boracile. 
/iiienMlatifurlile  cooliiins  sanie  Fe. 

Pyr.,  «tc. — The  massive  vnrieir  gives  nnter  lu  llje  cloced  tube.  B.B.  both  Vftrlctln 
fuse  Bt  2  with  iiitumrsccuce  ro  a  wbite  crysmlline  peBvl,  coloring  (he  flenie  green:  beattd 
after  moistening  nitb  cobnit  solution  nsEumcE  ii  dtep  pink  color.  Ulied  wilh  oilde  of 
copper  and  bented  on  charcoal  colors  tbe  flame  deep  azure-blue  (copper  chloride).  Soluble 
tu  bydrochloric  acid. 

Alters  vtry  slowly  on  exposure,  owing  to  llie  magnesium  chloride  present,  which  lakes 
up  water.  It  is  the  frequent  presence  of  il  U  deliquescent  chloride  In  the  massive  mineral, 
thus  orlgiDBting,  thnt  led  to  the  view  (hiil  tl'eie  was  a  hydrous  boracite  (stauf unite). 
Fnrtititt  of  Volger  Is  a  result  of  the  snine  kind  of  alleralioD  Id  the  Inlerlor  ot  cryslals  of 
bomcLie;  this  alteration  giving  It  lis  sonicwbat  plumose  cbaracter,  and  Introducing  water. 

Obs. —Observed  In  beds  of  fliihj'drile.  gypsum  or  salt.  In  crystals  at  Ealkberg  and 
SchildsTcIn  In  LQncburg,  Hannover;  at  gi'geberg.  near  Kiel,  In  Holsleln;  al  LunevllTe,  La 
Aleuiihc.  France;  masxlve,  or  as  part  of  the  rock,  also  In  crystals,  at  Slassfuit,  Prussia. 

Aschaiite.  A  bjdrous  magnesium  borate.  In  while  lumps  wllh  boracile.  From 
Asrlieraieben,  Germany. 

Hhodlslt*.  A  borate  of  aluminium  and  potassium,  with  rcslum  and  rubidium. 
Inomi'trlC'Ietraliedral ;  In  white,  translucent  dodecahedrons.  H.  =  6.  G.  =  8  41 .  Found 
on  red  tourmaline  from  Ihe  viciniiy  of  Ekaterinburg  iu  the  Ural. 

Warwlokite.  Perbnps  6MuO.FeO  STIO,  RB.O..  In  eloDjraled  prismatic  crystals. 
G.  -  3-38.     Color  dark  brown  lo  dull  black.     From  Edenvllle.  N.  T. 

HowUte.  A  Bilim-borate  of  calcium,  H.CitiB.SiO,..  In  small  white  rounded  uodub  s; 
also  eiirlhy.     Frnm  Nova  Scotia 

Lagonite      Fe,Oi.:lB,0,.!)H,0.     An  hicruslnlion  al  the  Tuscan  InRooDS. 

LarderoUlte.     (NH.).0,4B,0..4H,0.     From  the  Tuscan  lagoons. 


OOLEMANTTB. 

Monodinio.     Axes  ^  :'&:<(  =  07748  :  I  :  0-5410;  /S  =  69°  5'. 
Cryatals   usually  short   prismatic  {mvi"'=  72°  4').     Massive  cleavable  to 
granular  and  compact. 


.,.tu*  y*-:.  ^vr^  r,  ^  =^ ':  :•>' 

Fyr — ^  It   'uvir.*?;fittfiA    -^.'tiiatiiBL   ciiDBrt   mm,  tmek  HKOBr^as^  — imtrny  li»  ibne 
7-r  «v«v  oft   ^.'^^tn      ^ivntfi:    a   itir.  x^  invrauir-it   atf:it  -viu.  Tgrnniig    itf  xex  asau:  -ik 

*,'\r*f  ^yv     'A'^\n       f^.ut^^'m34>  m  «ii]i:.ar    n  vnnoacs:  niibiits  1 -iuil  Asa  Knur. 
t^ifki/bglf^     H.ti.'.  j&»ff*»      £.1.'.  ^tr-'^e      jL  x^  tr-i«u»  VirMt  \f  nmciKSiuK  sue 


%f^jf^x.u/t.     husk  «:!:<  =  !  ^^^^  :  1  :  <r>?33:  il  =  Ti' 


C>aik^^:  /!  j«erf«c::  m  ks  so;  >  in  tneo.  Frartnre 
</yf*'';f,</i'iAr.  KkzLtT  r>r:::Ie  H.  =  2-i  5.  G.  =  It5^1-?:!L 
iM^jff  T:tr«</f2%  :<p  r^sZ.ojii;  ioicc^iiiies  eftrthj.  C<^oir 
WTiltf:;  it//m^\,fL*:A  grftjifh,  bloifh  or  greeni&h.  Scremk 
vhlU:,     'J'rar.itlLceLt  to  oj^ctce.     T&fte  sveeush-«lkaline, 

-  -V;    TA/,     fi  =  1  4T0.     2E^  =  59=  30*. 
I>»^     \a,B/>,JOH,0  or  Xa,0  2B/J^10H,0  =  Boron  trioxide  36^,  soda 

F|rr  .  M/,  ^H  H,  ff*$1!n  up  »f>d  ftfU  rw^rd  fiuta  to  a  trao<pAreBt  ^W>bnSe.  cmiled  the  g'^am 
iti  \ttff%%  Km«^J  wliff  fituMUi  ftO'l  fK^^Mcium  UisQ*pba:«.  it  or^Ion  tbeiUme  aromid  tbe 
Himf  H  /;i#^r  frr#;tfrf».     V^t^uhUi  \n  WMlfr,  jitidiog  a  faiotly  alkalioe  ao^ation.     Boiling  water 

OlM  'O\0Ui\u^A  front  th«  *<ilt  l«ik#^  of  Ti\tti:  the  crude  mineral  h  called  tfaatf.  Id 
i'Mlififrt$im,  al/fifi'larit  fn  f^k#!  Co.,  nt  Bo'ai  Ijukt  and  Hacbinhxina,  two  small  alkaline 
\nkm  tfi  tiMf  Uutu*^A\\i%\»i  TfHiiftv  of  CI«Ar  Luke;  present  in  folutioo  id  the  lake  waters.  aDd 
otiC«in#»«l  H\ttif  Sit  Urt^tf  «|tiaritftUii  in  fine  cTVftfalfi  emhedded  iD  the  lake  mnd  aod  the  far* 
roiffifffrif  mnr*Uy  mrW:  alv/  found  io  fint:']nrt^  clear  cr^ttals  at  Borax  Lake.  8aD  Beroar- 
tiUt  '  f/'o  .  Hi  fhntih  Valley.  Injo  (Uk     AUo  Rhodec*  Hnr^h,  etc..  Esmeralda  Co..  Nevadn. 

S%9im\  \H9fH%  frtun  f  l»e  AraMc  bura^,  which  irtcluded  also  the  niier  fsodliim  carbonate) 
of  an/:J#rnt  ¥>rUsim,  thi?  ruttron  of  the  E^yptfaus,  Borax  was  called  cbrysocolla  by  Agrioola 
liefMiMfj  iiM;d  ill  ii^ild'  rini;  v.old. 

ULBXITE      il^m/nfitroealdte,     NittronlKirocnlcite. 

IJMiiiilly  in  rorindftd  wMHfin,  U>ow  in  texture,  consisting  of  fine  fibers,  which 
•re  ftruiuhir  m  capillary  crystals.  11  =  1.  G.  =  1-C5.  Lnster  silky  within. 
Color  wliitff,     TfiMtelosM. 

€omp.  -  A  liydroas  liorate  of  sodinm  and  calcinm,  probably  NaCaB,0,.8H,0 
ss  Boron  trioxide  4:5*0,  lime  Vi'H,  soda  77,  water  35*5  =  100. 
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Pjrr.;  etc. — Yields  water.  B.B.  fuses  at  1  witb  intuinesceuce  to  a  clear  blebby  glass, 
coloring  the  flame  deep  yellow.  Moisieoed  with  sulpburic  acid  the  color  of  the  flame  is 
tnomeutarily  cbaDged  to  deep  greeu.  Not  soluble  in  cold  water,  and  but  little  so  in  bot; 
tbe  solution  alkaline  in  its  reactions. 

Obs. — From  tbe  dry  plains  of  Iquique,  Cbili.  In  Nevada,  in  large  quantities  In  the 
salt  in:irsbes  of  the  Columbus  Mining  District,  Esmeralda  Co. 

Named  after  the  German  chemist,  G.  L.  Ulex 

Bechilite.     CaB40f  .4HsO.    In  crusts,  as  a  deposit  from  springs  in  Tuscany. 

Hydroboracite.  CaMgB«Oi i .6HsO.  Resembles  fibrous  and  foliated  gypsum;  color 
white.    From  the  Caucasus. 

Sulfoborite.  8MgS04.2MgtB409  +  12HsO.  In  colorless  prismatic  orthorhombic  crys- 
tals.    H.  =  4.     G.  =  2*88-2-45.    From  Westeregeln,  Germany. 


Uranates. 

URANINITB.     Cleveite.    BriJggerlte.    Nivenite.     Urunpecherz  Oerm. 
Isometric.     In  octahedrons,  also  with  dodecahedral  faces  (d) ;  less  often  in 
cubes  with  o  and  d.     Crystals  rare.     Usually  massive  and  botryoidal;  also  in 
grains;  structure  sometimes  coluranary  or  curved  lamellar. 

Fracture  conchoidal  to  uneven.  Brittle.  H.  =  5*5.  G.  =  9*0  to  9*7  of 
crystals;  of  massive  altered  forms  from  6*4  upwards.  Luster  submetallic,  to 
greasy  or  pitch-like,  and  dull.  Color  grayish,  greenish,  brownish,  velvet- 
black.     Streak  brownish  black,  grayish,  olive-green,  a  little  shining.    Opaque. 

Comp. — A  uranate  of  uranyl,  lead,  usually  thorium  (or  zirconium),  often  the 
metals  of  the  lanthanum  and  yttrium  groups;  also  containing  the  gases  nitro- 
gen, helium  and  argon,  in  varying  amounts  up  to  2*6  p.  c.  Calcium  and  water 
(essential  ?)  are  present  in  small  quantities;  iron  also,  but  only  as  an  impurity. 
The  relation  between  the  bases  varies  widely  and  no  definite  formula  can  be 
given. 

Var. — The  minerals  provisionally  included  under  the  name  uraniuite  are  as  follows: 

1.  Crystallized,  Uranniobite  from  Norway.  In  crystals,  usually  octahedral,  with  G. 
varying  for  the  most  part  from  9  0  to  9*7;  occurs  as  an  original  constituent  of  coan^e 
granites.  The  variety  from  Branch ville,  which  is  as  free  from  alteration  as  any  yet 
examined,  contains  chiefly  U0«  with  a  i:elatively  small  amount  of  UOt.  Thoria  is  prom- 
inent, while  the  earths  of  the  lanthanum  and  yttrium  groups  areonly  sparingly  represented. 

Bn'fggeriU,  as  analyzed  bv  Hillebrand,  gives  the  oxygen  ratio  of  U0»  to  other  bases  uf 
about  1:1;  it  occurs  in  octahedral  crystals,  also  with  d  and  a.     G.  =  903. 

Cleceite  and  nivenite  contain  UOt  in  larger  amount  than  the  other  varieties  mentioned, 
and  are  characterized  by  containing  about  10  p.  c.  of  the  yttrium  earths.  Cleveite  is  a 
variety  from  the  Arendal  region  occurring  in  cubic  crystals  modified  by  the  dodecahedron 
and  octahedron.  G.  =  7'49.  It  is  particularly  rich  in  the  gas  helium.  Nivenite  occurs 
massive,  with  indistinct  crystallization.  Color  velvet-black.  H.  =  5  5.  G.  =  8*01.  It 
is  more  soluble  than  other  kinds  of  uraninite,  being  completely  decomposed  by  the  action 
for  one  hour  of  very  dilute  sulphuric  acid  at  100". 

2.  Mcusive,  probably  amorphous.  Pitchblende.  Uranpecherz  Oerm.  Contains  no  thoria; 
the  rare  earths  also  absent.  Water  is  prominent  and  the  specific  gravity  is  much  lower,  in 
some  ca«es  not  above  6*5;  these  last  differences  are  doubtless  largely  due  to  altenition. 
Here  belong  the  kinds  of  pitchblende  which  occur  in  metalliferous  veins,  with  sult^hidesof 
silver,  lead,  cobalt,  nickel,  iron,  zinc,  copper,  as  that  from  Johanngeorgenstadt,  Pi'ibram, 
etc. :  probably  also  that  from  Black  Hawk.  Colorado  (Hillebrand). 

Pyr..  etc. — B.B.  Infusible,  or  only  slightly  rounded  on  the  edges,  sometimes  coloring 
the  outer  flame  green  (copper).  With  borax  and  salt  of  phosphorus  gives  a  yellow  bead  in 
O.F  .  becoming  crreen  in  R.F.  (uranium).  With  soda  on  charcoal  gives  a  coatinir  of  leaf* 
oxide,  and  frequently  the  odor  of  arsenic.  Many  specimens  give  reactions  for  sulphur  and 
arsenic  in  the  open  tube  Soluble  in  nitric  and  sulphuric  acids;  the  solubility  differs 
widely  In  different  varieties,  being  greater  in  those  kinds  containing  the  rare  earths.  Not 
attractable  by  the  magnet. 
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Obt. — As  noted  above,  uniDinite  occurs  either  as  a  primary  coDstitueqt  of  gituiitic  rocks 
or  as  n  secondary  mineral  with  ores  of  silver.  lead,  copper,  etc.  Under  the  latter  coodition 
it  is  found  at  Johanngeorgenstadt.  Marieuberg,  and  ISchneeberg  in  Saxony,  at  Joachimsthal 
and  Pribram  in  Bohemia,  and  Rezbanya  i«i  Hungurv.  Occurs  in  Norway  in  pegmatite 
veius  at  several  points  near  Moss,  viz.:  Annerod  {oroggerite),  Elvestad,  etc.;  also  near 
Areudal  at  the  Garta  feldspar  quarry  (cleDtiie),  associated  with  orihite,  fergusonite,  thorite, 
etc. 

In  the  U.  States,  at  the  Mtddletown  feldspar  quarry.  Conn.,  in  large  oclahedroos,  rare; 
at  Hale's  quarry  in  Glastonbury,  a  few  miles  N.E.  of  Middletown.  At  Branchville,  Conn  , 
Id  a  pegmatite  veiu,  as  snuill  octahedral  crysUils,  embedded  in  albtte.  In  N.  CaroliDa.  at 
the  Flat  Hock,  mine  uud  other  u.icu  mines  in  Mitchell  Co.,  rather  abundant,  but  usually 
altered,  in  part  or  entirely .  to  guiumiie  and  uranophane;  the  cryhtals  are  sometimes  an  inch 
or  more  across  and  cubic  iu  hntiii.  In  S.  Carolina,  at  Marietta.  In  Texas,  at  the  gadolinite 
locality  in  Llano  Co.  {niteuiU)  In  large  quantities  at  Black  Hawk,  near  Central  City, 
Colorado.  Rather  abundant  in  the  Bald  Mountain  district.  Black  Hills,  S.  Dakota.  Also 
with  monazit  ,  etc.,  at  the  Viileueuve  mica  veins.  Ottawa  Co.,  Quel)ec,  Canada. 

Qununite.  An  alteration -product  of  uraiiinile  of  doubtful  composition.  In  rounded 
or  flattened  pieces,  looking  much  like  gum.  G.  =  3-9-4-20.  Luster  greasy.  Color  red- 
dish yellow  to  orauge-red,  reddish  brown.  From  Johanngeorgenstadt,  also  Mitchell  Co., 
N.  C. 

Yttrooummite.     Occurs  with  clevelte  as  a  decomposition-product. 

Thorooummite.  Occurs  with  fergusonite,  cyrtolite,  and  other  species  at  the  gadoli- 
nite locality  in  Llano  Co.,  Texas. 

Uranosphasrite.  (BiO)9UsOT.8H,0.  In  half-globular  aggregated  forms.  Color  orange- 
yellow,  brick-red.     From  near  Schneeberg,  Saxony. 
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Oxygen  Salts. 
6.  SXTIiPHATESi  OHROMATES,  TEIiXiURATES. 

A.  Anhydrous  Sulphates,  etc. 

The  important  Babite  Group  is  the  only  one  among  the  anhydrous  sul- 
phates and  chromates. 

Masoagnite.  Ammonium  sulphate,  (NH4)9S04.  Usually  in  cnista  and  stalactitic 
forms.     Occurs  about  volcanoes,  as  at  Etna,  Vesuvius,  etc. 

Taylorita.  5KsS04.(NH4)sS04.  In  small  compact  lumps  or  concretions.  From  the 
guanu  of  the  Chiucba  Islaudd. 

Thenardite.  Anhydrous  sodium  sulphate.  NasS04.  In  orthorhombic  crystals,  pyram- 
idal, short  prisuiati '  or  tabular;  also  as  twins  (Fig.  846.  p.  118).  White  to  brownish. 
Soluble  in  water.  Often  observed  in  connection  with  salt  lakes,  as  on  the  shores  of  Luke 
B  ilkliash.  Central  Asia;  similarly  elsewhere;  alFo  in  S.  America  in  Tarapaca.  In  the  U. 
8.  forms  extensive  deposits  on  the  Rio  Verde,  Arizona.  In  California,  al  Borax  Lake,  San 
Bernardino  Co. 

Aphthitalite.  Arcanite,  (E,Na),804.  Rhombohedral;  also  massive,  in  crusts.  Color 
white.  From  Vesuvius,  upon  lava;  at  Douglashall  near  Westcregeln  in  blOdite;  Kocalmuto, 
Sicily. 

aLAUBERITB. 

Monoclinic.     Axes  A:h:d=  1-2200  :  1  :  10275;  /3  =  67°  49'. 
ca.        001  A  100  =  67'  49'.       c«.    001  A  HI  =  48'    2*. 
mm"\  HI  A  111  =  96'  58'.       cm,  001  A  HO  =  75*  801'. 

In  crystals  tabular  |  c;  also  prismatic. 

Cleavage:  c  perfect.  Fracture  conchoid  al.  Brittle. 
H.  =  2-5-3.  G.  =  2  7-2-85.  Luster  vitreous.  .  Color 
pale  yellow  or  gray;  sometimes  brick-red.  Streak 
white.  Taste  slightly  saline.  On  the  optical  prop- 
erties (see  p.  225). 

Comp.— Na,SO,.CaSO,  =  Sulphur  trioxide  57-6, 
lime  20-1,  soda  22-3  =  100;  or.  Sodium  sulphate  51-1, 
calcium  sulphate  48*9  =  100. 
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etc.— B.B.  decrepitates,  turns  white,  and  fuses  at  1'5  to  a  white  enamel,  coloring 
the  flame  intensely  yellow.  On  charcoal  fuses  in  OF.  to  a  clear  bead;  in  R.F.  a  portion 
is  absorbed  by  the  charcoal,  leaving  an  inftisible  hepatic  residue.  Soluble  in  hydrochloric 
acid.  In  water  it  loses  its  transparency,  is  partially  dissolved,  leaving  a  residue  of  calcium 
sulphate,  nnd  in  a  large  excess  this  is  completely  dissolved. 

Obs. — In  crystals  in  rock  salt  at  Villa  Rnbia,  in  New  Castile,  Spain;  also  at  Aussee, 
Upper  Austria;  Berchtesgaden.  Bavaria;  Westeregeln;  Stassfurt.  In  crystals  in  the  Rio 
Verde  Valley.  Arizona,  with  thenardite,  mirabilite,  etc.;  Borax  lake.  San  Bernardino  Co., 
California. 

Iiangbelnite.  EsMgs(S04)s.  Isometric-tetartohedral.  In  highly  modified  colorless 
crystals.     Q.  =  2 '83.     From  Westeregeln,  Germany. 
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Rmldlnglte.     MdiPiO.  +  3H.0.     lu  onborbumbic  crystals  neat  scoroJlte  ia  angle;  alao 

gi-auular.     Q   =  8-102.     Colur  piukUb  while  luyellovrisb  white.     From  BraDcliTille,  Coud. 

Picropb 

Triohalolte.  Cu,AsiOi  +  5H,0  lu  radiiiled  gioups,  cuiuiiiuari  deudritic.  Color 
verdigris-greeu.    Fruu  tbe  Turgiusk  copper  mine. 

Vlvianite  Group.     Mouoclinic. 

Tivianite       ^'c.P.O.  +  SH.O 

Bymplesite      Fe,Aa,0,  +  8H,0 

Bobierrite       Mg.P,0,  +  SJLO 

H«rne>ite       Mg.As.O.  +  «H,0 

Erythrite         Co,As,0.  +  8H,0  0-75      : 1:0-70  75" 

AnnabBi^te    Kl,Ab,0,  +8H,0 

Cabr«frite         (Ni.llg),As,0.  +  8H,0 

Kottigite  Zii,As,0.  +  8H,0 

The  ViviANiTE  Orottp  includes  hydrous  phoephatea  of  iron,  magnesium, 
cobttit,  nickel  and  ztac,  all  with  eight  molecnles  of  water.  The  crystallization 
is  monoclinic,  and  the  angles  so  far  as  known  correspond  closely. 

VIVXANITB. 

Monoclinic  Crystals  prismatic  (mHt'"  =  71°  58');  often  ia  stellate 
group.  Also  reniform  and  globular;  structure  divorgent,  fibrous,  or  earthy; 
also  incrusting. 

Cleavage:  J  highly  perfect;  o  in  traces;  also  fracture  fibrous  nearlyXiJ. 
Flexible  in  thin  laminEe;  aectile.  H.  =  l'5-2.  G.  =  2-58-2fi8.  Luster,* 
pearly  or  metallic  pearly;  other  faces  vitreous.  Colorless  when  unaltered, 
blue  to  green,  deepening  on  exposure.  Streak  colorless  to  bluish  white, 
changing  to  indigo-blue  and  to  liver-brown.  Transparent  to  translucent; 
opaque  after  exposure.     Plcochroism  strong. 

Comp. — Hydrons  ferrous  phosphate,  Fe,P,0, -f-  8H,0  =  Phosphorua    pen- 
toxide  28-3,  iron  protoxide  43-0,  water  287  —  100. 
.    Maoy  aiislyaes  sbow  tbe  presence  of  iron  sesquioiide  due  to  alteration. 

Pyr.,  Blc. — 111  tlie  closed  lube  yielda  neiilrul  water,  whitens,  and  exfoliates.  B.B. 
fuses  at  1'5,  coloring;  the  flame  bluisb  green,  to  n  grayUb  black  muguBtic  globule.  WUh 
(be  fluxes  reads  (or  iron.     Soluble  In  bjdruchloric  acid. 

Obi, —Occurs  associated  witb  py rrliotile  and  pyritc  in  copper  aud  i!d  veins:  Mmeltmu 
(n  narrow  veins  witb  gold,  trnvcising  graywacke;  bolb  friable  and  cryatalliEud  la  beds  of 
cluy,  nnd  somelimea  aesoclHted  with  llmoiiiic,  or  bog  trou  ore;  often  In  cavities  of  fossils 
or  Duriiid  boues. 

Occurs  at  St.  Agues  aud  elsewhere  la  Corownll;  at  BoduninaU;  tbe  gold  mines  of 
Veres|)a1iik  iu  Tnnaylvniila.  Tbe  eurtby  vnilety,  Bomelimes  called  blue  irori~earA  or 
native  Prusnun  blue  iFer  taarf),  occurs  in  Qreenlaiid.  Curiulbia,  Cornwall,  etc. 

la  N.  America,  iu  Ntie  Jei-tqi.  at  Alleutowu.  Uutimoulh  Co.,  bolli  cryatnlllxtid,  to 
nodules,  and  earlhy;  at  Mullica  Hill,  Gloucester  Co  {muUieite),  iu  cylindrical  masses.  Iu 
Virginia.  In  B:aSord  Co,  Iu  Kentucky,  near  Bddyrillc.  Id  Gmada,  witb  llmoulte  iit 
Vaudreull. 

Symplvsite.  Probably  PeiAsiO(-|-6H,0.  In  small  priamatiu  cryatnla  aud  Id  radiated 
BpiicricHl  aegre^utes.  Q.  =  31)57.  Color  pale  indigo,  inclined  to  celundine-green.  From 
Lobenstein  in  Voigtlandi  HUlleuberg,  Carlntbla. 

Bobierrits.  M-;)F,Oi  +  8HiO.  In  ngsregaies  of  minute  crystals;  also  massive.  Col- 
orless to  while.  From  tbe  giinno  of  Hcxlllonea.  on  tbe  Cblliau  coast.  Baa^fevilliU  is 
like  bobierrite,  but  coniaiua  c^ikium.     From  BiLinle,  Norway. 

Hmmealte^  Me,AsiO, -f  8HtO.  In  cryatnls  resembling  gypsum;  also  colnmuar; 
stellar- foliated.     Color  suoW'Wbilc.     From  tlie  Baiiat,  Hungary. 
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BRTTHRTTB.     Cobalt  Bloom.     Kobaltblathe  Germ. 

Monoclinic.  Crystals  prismatic  and  vertically  striated.  Also  in  globular 
and  reniform  shapes,  having  a  drusy  surface  and  a  columnar  structure;  some- 
times stellate.     Also  pulverulent  and  earthy,  incrusting. 

Cleavage:  6  highly  perfect.  Sectile.  H.  =  l*5-2*5;  least  on  ^.  G.  =  2*948. 
Luster  of  b  pearly;  other  faces  adamantine  to  vitreous;  also  dull,  earthy. 
Color  crimson-  and  peach-red,  sometimes  gray.  Streak  a  little  paler  than  the 
color.     Transparent  to  subtranslucent. 

Comp. — Hydrous  cobalt  arsenate,  Co,A8,0,  +  8H,0  =  Arsenic  pentoxide 
38-4,  cobalt  protoxide  37*5,  water  24*1  =  100.  The  cobalt  is  sometimes  replaced 
by  nickel,  iron,  and  calcium. 

Pyr.,  etc. — lu  the  closed  lube  yields  water  at  a  geutle  heat  and  turus  bluish;  at  a  higher 
heat  gives  off  urseuic  trioxide,  which  condenses  in  crystals  on  the  cool  glass,  and  the  residue 
has  a  dark  gray  or  black  color.  B.B.  in  the  forceps  fuses  at  2  to  a  gray  bead,  and  colors 
the  flame  light  blue  (arsenic).  B.B.  on  charcoal  gives  an  arsenical  odor,  and  fuses  to  a 
dark  gray  arsenide,  which  with  borax  gives  the  deep  blue  color  characieristic  of  cobalt. 
Soluble  in  hydrochloric  acid,  giving  a  rose-red  solution. 

Obs.— Occurs  at  Schneeberg  iu  Saxony,  in  roicuceous  scales;  Wolfach  in  Baden;  Modum 
in  Norway. 

In  the  U.  S..  in  Penn.,  sparingly  near  Philadelphia;  in  Nevada,  at  Lovelock's  station. 
In  California.     Named  from  efjvBfjoi,  red. 

Annabergite.  Nit  As^O*  +  SHaO.  In  capillary  crystals;  also  massive  and  disseminated. 
Cf>lor  tine  apple-green.  From  Allemoni  in  Dauphin^;  Annaberg  and  Schneeberg; 
Rieclielsdorf;  in  Colorado;  Nevada. 

Cabrerite.  (Ni,Mfi;)iAsa08  +  8H9O.  Like  erythrite  in  habit.  Also  fibrous,  radiated; 
reniform,  granular.  Color  apple-green.  From  the  Sierra  Cabrera,  Spain;  at  LauriuD, 
Greece. 

Edttigite.  Hydrous  zinc  aroenate,  ZnsAsiOs  4-8H«0  Massive,  or  in  crusts.  Color 
lisrht  carmine-  and  peach-blossom- red.  Occurs  with  smaltite  at  the  cobalt  mine  Daniel, 
near  Schneeberg. 

Rhabdophanite.  Scovillitc.  A  hydrous  phosphate  of  the  cerium  and  yttrium  metals. 
Massive,  small  mamillary;  as  an  incrustation.  G.  =  8*94-401.  Color  brown,  pinkish  or 
yellowish  white.  RhdbdopJianiie  is  from  Cornwall;  ScotilliU  is  from  the  Scovilie  (limoniie) 
ore  bed  in  Salisbury,  Conn. 

Ohorchite.  A  hydrous  phosphate  of  cerium  and  calcium.  As  a  thin  coating  of 
minute  crystals.    G.  =  8*14.  Color  pale  smoke-gray  tinged  with  flesh-red.    From  Cornwall. 


sooRODrm. 

»45.  Orthorhombic.     Axes  *  :  X  :  (5  =  0-8658  :  1  :  0-9541, 

dct,    120  A  i20  =  60-  1'.  PTf\  HI  A  Ul  =  111'    6'. 

pj/     111  A  ill  =  "ir  8'.  PTf".  Ill  A  111  =    65-  20*. 

Habit  octahedral,  also  prismatic.     Also  earthy,  amorphous. 
Cleavage:   d  imperfect;   n,   b  in  traces.     Fracture   uneven. 
Brittle.     H.  =  3-5-4.     G.  =  3-1-3-3.      Luster  vitreous  to  sub- 
adamantine  and  subresinous.     Color  pale  leek-green  or  liver- 
brown.     Streak  white.     Subtransparent  to  translucent, 

Comp.— Hydrous  ferric  arsenate,  FeAsO,  +  2H,0  =  Arsenic 

pentoxide  49*8,  iron  sesquioxide  34  6,  water  15*6  =  100. 

Pyr.,  etc -In  the  cU).«*ed  tube  yields  neutral  water  and   turns  yellow.     B.B.  fuse* 

easily,  coloring  the  flame  blue      B.B.  on  charcoal  gives  arsenical  fumes,  and  with  soda  a 

black  magnetic  scoria      With  the  fluxes  reacts  for  iron.     Soluble  in  hydrochloric  acid. 

Oba.— Often  associated  with  arsenopyrite.     From  Schwarzecberg,  Saxony;  DerDbacb» 
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R«diUiiglt«.  HqiP,0«  +  8H|0.  lu  onborUumbiu  crystals  ae^r  scoro<]ll«  io  angle;  alao 
gniuular.     Q   =  8-I02.     Oulor  piakUb  wlilit:  lu  jellonUb  wbite.     From  BraucbTilk,  Couu. 

PicroplunnacoUte.  ItiAstO.  +  0H|O,  niib  K  =  Ca :  Mg  =  S :  1.  In  amsU  spLericd 
forms.     Color  wIiUb.     From  UiL-clielsdurf ;  Freiberg;  Joplin,  Mo. 

Tricbalclto.  CutAsiOa  +  511,0.  lu  railiiiled  gioups,  coluiiiuari  deudritic.  Color 
Tenllgrls-greeu.    From  ibe  Turgiusk  copper  mlue. 

Vivlanlte  Group.     Mouoclinic. 

Vivianite        Pe.P.O,  +  SH  0        «:  J  :<(  =  0-7498  ;  1  ;  07015      /!  =  75°  34' 

Symplerite      Fe.As.O,  +  8H,0  0*7806  : 1  : 0-6813  TS"  43' 

Bobierrite       Mg.P,0,  +  8H  0 

Hoaraealte        Mg,As,0,  +  aH.O 

Erythrita         Co,Aa,0, +  8H^  075      : 1:0-70  75° 

Anaabergite    Ni,AB,0,  +811,0 

Cabrerite         (Ni,Mg).As,0.  + 8H,0 

Kottigite         Zi],As,0.  +  8H,0 

The  ViviANiTE  Group  includes  hydrons  phoaphateB  of  iron,  magneBJum, 
cobalt,  nickel  and  zinc,  all  with  eight  molecules  of  water.  The  cryBtallization 
is  monoclinic,  and  the  angles  bo  far  as  known  correspond  cloaely. 

VIVIANTTH. 

Monoclinic.  Crystals  priBmatic  (mm'"  =  71°  58');  often  in  stellata 
gronps.  Also  reniform  and  globular;  structure  divergent,  fibroua,  or  earthj; 
aJso  incrnsting. 

Cleavage:  J  highly  perfect;  a  in  traces;  also  fracture  fibrous  nearly  J.  rf. 
Flexible  in   thin  lamina;    sectile.     H,  =  1-5-3.     G,  =  2-58-2li8.     Luster,  ( 

f early  or  metallic  pearly;  other  faces  vitreous.  Colorless  when  unaltered, 
lue  to  green,  deepening  on  exposure.  Streak  colorless  to  bluish  white, 
changing  to  indigo-blue  and  to  liver-brown.  Transparent  to  translncent; 
opaque  after  expoeure.     PleochroiBRi  strong. 

Comp.— Hydrous  ferrous  phosphate,  Fe,P,0,  -f-  8H,0  —  Phosphoms  pen- 
toxide  28-3,  iron  protoiitle  43-0,  water  28-7  =  100. 

Hnny  aualyses  sbnw  the  preseace  of  Iron  Besquloxide  due  to  alteration. 

Pyr.,  etc. — In  tlie  closed  tube  yields  nciitml  waitr,  whiieos,  aud  exfoliate*.  B.B. 
fuses  at  1'5,  colorin;  Ibe  fluiue  bluish  greeu,  to  a  grayish  black  mugnellc  globule.  Wilh 
tite  fluxes  reacts  for  iron.     Soluble  in  hydrochloric  acid. 

Ob«.~Occurs associated  with  pyrrhollte  and  pyrite  in  copper  and  tin  veins:  s&melfniel 
in  narrow  veins  with  gold,  travursing  graywucke;  boih  friable  and  cryBtallized  io  i>eds  of 
clav.  sod  somelitncs  associated  with  limotiitu.  or  bog  irou  ore;  oftca  fii  cavities  of  foiisila 
or  buried  boucs. 

Occurs  at  St.  Agues  and  elscwbere  In  CorQwnll;  iit  Bodeninnis;  Itie  gold  mlue*  of 
Terespatiik  bi  TriiDBvlTiinia.  The  eurthy  variety,  sometimes  called  blue  iroTttarA  Or 
native  Pruuian  blue  <'Fer  aturi),  occurs  In  Gieenlaud,  Curiuibia,  Curnwall,  eic. 

lu  M.  America,  in  Sew  Jeitey.  at  Alleutowu,  Monmouth  Co.,  both  crystnlliEed,  In 
Dodulus,  and  earihy:  at  Mullica  Hill,  Gloucester  Co  {mulUeite),  iu  cylindrical  miiseea.  In 
Virgiaiii.  in  S:aSord  Co,  lu  Ktntucki/,  ueiir  Eddyville.  In  GiTiada,  with  limouite  nt 
Vaudreuil. 

SyiDpleslte.  Probably  FeiAsiOi-j- 8H,0.  Iu  small  prismatic  cryslnls  and  in  radiated 
spliericHl  BL'gregates.  O.  =  3'U57.  Color  pale  iiidlgo,  iocliatd  to  ccluadiue-green.  From 
Lobtnslelu  in  Yoiglland;  Huiteuberg,  Cariuthla. 

Bobierrite.  Mi^iPiOi  +  SHiO.  In  nggregaies  or  miniiie  crystals:  also  massfve.  Col- 
nriess  to  white.  From  Die  gnaiio  of  Mexillones,  on  the  Cliiliaii  CoaaU  Sauttfe»iil£tt  is 
like  bobierrite,  but  coutoiiis  citltium.     From  Bumlc,  Norway. 

Hcenteiite.  MgiAsiO, +  8H1O.  In  crysfils  resembliog  gypsum;  also  columnar: 
stellar- foliated.     Color  suow-wLile,     From  tlie  Bauat.  Huugury. 
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Cobalt  Bloom.     Kobaltbldthe  Q^rm. 

Monoclinic.  Crystals  prismatic  and  vertically  striated.  Also  in  globular 
and  reniform  shapes,  having  a  drusy  surface  and  a  columnar  structure;  some- 
times stellate.     Also  pulverulent  and  earthy,  incrusting. 

Cleavage:  b  highly  perfect.  Sectile.  H.  =  l*5-2-5;  least  on  b.  6.  =  2*948. 
Luster  of  b  pearly;  other  faces  adamantine  to  vitreous;  also  dull,  earthy. 
Color  crimson-  and  peach-red,  sometimes  gray.  Streak  a  little  paler  than  the 
color.     Transparent  to  subtranslucent. 

Comp. — Hydrous  cobalt  arsenate,  Co.As.O.  +  8H,0  =  Arsenic  pentoxide 
38 '4,  cobalt  protoxide  37*5,  water  24*1  =  100.  The  cobalt  is  sometimes  replaced 
by  nickel,  iron,  and  calcium. 

Pyr.,  etc. — lu  the  closed  tube  yields  water  at  a  geutleheat  and  turns  bluish;  at  a  higher 
bent  gives  off  arsenic  trioxide,  which  condenses  in  crystals  on  the  cool  glass,  and  the  residue 
has  a  dark  gniy  or  black  color.  B.B.  in  the  forceps  fuses  at  2  to  a  gray  bead,  and  colors 
the  flame  light  blue  (arsenic).  B.B.  on  charcoal  gives  an  arsenical  odor,  and  fuses  to  a 
dark  gray  arsenide,  which  with  borax  gives  the  deep  blue  color  characteristic  of  cobalt. 
Soluble  in  hydrochloric  acid,  givine  a  rose-red  solution. 

Obs.— Occurs  at  Schneeberg  iu  Saxony,  in  micaceous  scales;  Wolfacb  in  Baden;  Modum 
in  Norway. 

In  the  U.  S..  in  Penn..  sparingly  near  Philadelphia;  in  Nevada,  at  Lovelock's  station. 
In  California.     Named  from  efjvBfju^,  red. 

Annabergite.  NitAsaO*  -f  8H«0.  In  capillary  crystals;  also  massive  and  disseminated. 
Color  tine  apple-green.  From  Allemoni  in  Dauphine;  Annaberg  and  Schneeberg; 
Riechelsdorf;  in  Colorado;  Nevada. 

Oabrerite.  (Ni.Mg)sAs«ON  +  8H9O.  Like  erythrite  in  habit.  Also  fibrous,  radiated; 
reniform,  granular.  Color  apple-green.  From  the  Sierra  Cabrera,  Spain;  at  LaurioD, 
Greece. 

Edttigite.  Hydrous  zinc  aroenate,  ZnsAsaOa  +  8H«0  Massive,  or  in  crusts.  Color 
liirht  canniiie-  and  peach-blossomred.  Occurs  with  smaltite  at  the  cobalt  mine  Daniel, 
near  Schneeberg. 


Rhabdophanite.  Scovillitc.  A  hydrous  phosphate  of  the  cerium  and  yttrium  metals. 
Massive,  small  mamillary;  as  an  incrustation.  G.  =  8-94-401.  Color  brown,  pinkish  or 
yellowish  white.  RhahdopJtaniie  is  from  Cornwall;  SeotUlite  is  from  the  Scoville  (limoniie) 
ore  bed  in  Salisbury,  Conn. 

Ohorohite.  A  hydrous  phosphate  of  cerium  and  calcium.  As  a  thin  coating  of 
minute  crystals.    G.  =  814.  Color  pale  smoke-gray  tinged  with  flesh-red.    From  Cornwall. 


sooRODrm. 

946.  Orthorhombic.     Axes  d:l:i  =  0-8658  :  1  :  0-9541. 

<W,    120  A  120  =  60«  1'.  jn^\  111  A  111  =  HI'    6'. 

pj/     111  A  ill  =  "rr  8'.  pp"'.  Ill  A  111  =    65«  20'. 

Habit  octahedral,  also  prismatic.     Also  earthy,  amorphous. 
Cleavage:   d  imperfect;   a.   b  in   traces.     Fracture   uneven. 
Brittle.     H.  =  3-5-4.     G.  =  3-l-;V3.      Luster   vitreous   to   sub- 
adamantine  and  subresinous.     Color   pale  leek-green  or  liver- 
brown.     Streak  white.     Subtransparent  to  translucent. 

Comp.— Ilvdrous  ferric  arsenate,  FeAsO,  +  2H,0  =  Arsenic 

pentoxide  49-8,  iron  sesquioxide  34  6,  water  15-6  =  100. 

Pyr..  etc —In  the  closed  tube  yields  neutral  water  and   turns  yellow.     B.B.  fuses 

easily,  coloring  the  flame  blue      B.B.  on  charcoal  gives  arsenical  fumes,  and  with  soda  a 

black  magnetic  scoria      With  the  fluxes  reacts  for  iron.     Soluble  in  hydrochloric  acid. 

Obs.— Often  associated  with  arsenopyrite.    From  Schwarzecberg,  Saxony;  Dernbach, 


ViviUDlte 

Oruiip. 

Mouocliaic. 

F(!.P,0.  +  8H,0 

a:l:i 

=  0-7498:1  :  07015 

^  = 

=  75°  34' 

Fe.As.U,  +  8H,0 

0-7806  :1  : 0-6813 

72°  43' 

Mg,P,0.  +  8H  0 
Mg.Aa.O. +8H,0 

Co,As,0.  4-  8H,0 

0-75      : 1 : 0-70 

75° 

Ni.As.O.  +8H,0 

(Ni,Mg),As,0.  +  8H,0 

Zd,As,0    +8H,0 
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Rvddlngita.  HoiPiO.  +  SHiO.  lu  orlhorliombiu  crystals  Dear  scorodlte  in  nngle;  alao 
gnuiulitr.     G.  =  3'IOJ.     Color  pinkUb  wliiielo yellowish  nbile.     From  BrBiicbvllle,  Coun. 

PicropharmBcoUta.  It.AsiO,  +  6H,0.  wiili  R  =  Ca ;  Mg  =  6 : 1.  !□  ■mnll  spherical 
(orniB.     Culor  white.     From  Kieuhelsdorf;  Freiberg:  Joplln.  Ho. 

Trichalcite.  CuiAb,Oi  -)-  SHiO.  lu  radiiited  gioups,  coluiiiuari  deudrilic  Color 
verdigris-greeu.     Fruu  ihe  Turgiiisk  copper  mlae. 


Tlviuute 

Sympleilte 

Bobierrite 

Hoenieaite 

ErTthrite 

Aimabei^te 

Cabrtfrite 

Edttigite 

The  ViTiANiTE  Group  includes  hydrona  phosphates  of  iron,  amgneBJum, 
cobiilt,  nickel  and  zinc,  all  with  eight  moleculea  of  water.  The  crystal izstion 
is  motioclinic,  and  the  angles  so  far  as  known  correspond  closely. 

VIVIANTTS. 

Monoclinic.  Crystals  prismatic  {mm'"  =71"  58'};  often  in  stellate 
g:ronps.  Also  reniform  and  globular;  structure  divergent,  fibrous,  or  earthy; 
also  incrusting. 

Cleavage:  6  highly  perfect;  a  in  traces;  also  fracture  fibrous  nearlyX*!* 
Flexible  in  thin  lamina;  aectile.  H.  =  1-5-2.  G.  =  2-58-2  68.  Lnater,  ft 
pearly  or  metallic  pearly;  other  faces  vitreoua.  Colorless  when  unaltered, 
bliie  to  green,  deepening  on  eipoaure.  Streak  colorless  to  bluish  white, 
changing  to  indigo-blue  and  to  liver-brown.  Transparent  to  translucent; 
opaque  after  exposure.     Pleochroistn  strong. 

C«inp. — Hydrous  ferrous  phosphate,  Fe,P,0,  -|-  8H,0  =  Phosphoms  pen- 
toxide  28-3,  iron  protoxide  43-0,  water  28-7  =  100. 
.    Hnay  analyses  sliciw  the  presence  of  trot)  sesqujoxide  due  to  altemlioQ. 

Pyr.,  etc. — lu  tLe  closed  lube  yields  ueutral  n-gtcr,  whilcDS,  asd  ezrollates.  B.B. 
fuses  at  1  "5,  culorins  ihu  flume  bluisu  green,  lo  n  grayiab  black  miLgnetic  globule.  Wilh 
the  fluiei  reads  for  Iroc.     Soluble  Id  hydrucbloric  acid. 

Ob*. — Occurs  associated  wi[h  pyrrboUte  and  pyrlie  In  copper  and  lla  veins;  sbraellmea 
Id  narrow  veJDB  with  gold,  trnvtrsmg  graynucke;  boih  friable  and  crvBtalllzi-d  in  bedanf 
clay,  and  someliincB  associated  witb  lliDotjItc,  or  bog  iron  ore;  often  m  cavities  of  fossil* 
or  burled  boues. 

Occurs  al  St.  Agues  nud  elsewhere  In  Cornwall;  at  Bodenmais;  the  gold  mines  of 
VeresiMiink  iu  Transylvnnin.  The  eurlliy  vmieiy,  sometimes  called  blu«  iron-earth  or 
naliee  Pruuian  blu^  iFer/uuTf),  occurs  in  Oreenlaiid,  Curiulhla,  Cornwall,  etc. 

Id  N.  America,  In  Ifeai  Jtitfy,  at  Aileutowu.  Monmouth  Co.,  both  crystnlllied.  In 
nodules,  and  eurlby;  at  Mullica  Udl.  Gloucester  Co  {muLUdte),  iu  cylinddcnl  musses.  Iu 
Virginiii.  in  S;offord  Co.  Iu  Kenl\icky,  near  Eddyville.  In  Oimida,  with  llmouite  itt 
Vaudreuil. 

BymplMiIta.  Probably  FeiAsiOi-t-8H,0.  In  smiill  prismatic  crystals  and  la  radiated 
apliericnl  aggrei^tes,  Q.  =  2-U57.  Color  pale  Indigo,  inclined  to  ccliuidine-green.  From 
LobtDsteinlu  Voigtlaudi  Hutteuberg,  Curiutbia. 

Bobierrlta.  Mu'.PiO.  +  8H.0.  In  nggrcgates  of  miuiUe  crystals;  also  nuisslve.  Col- 
airless  to  white.  From  tiie  guano  of  Hcxiliones.  on  the  Cbiliaii  coast.  Haxi^feuiUHe  b 
like  bobierrite,  but  coulaius  calcium.     From  Biimlc,  Norway. 

HcBmsalta.  Mi;tAs,Oi -)-8H|0.  Itt  crystnls  resembling  gypsum;  also  coluraDor; 
Ete)  1  a r foliated.     Color  suow-while.     From  llie  Bauat,  Huiigury. 


PHOSPHATES,  ABSEKATBS^  ETO.  509 

BRYTHRITB.     Cobalt  Bloom.     Kobaltblathe  Qmm. 

Monoclinic.  Crystals  prismatic  and  vertically  striated.  Also  in  globular 
and  reniform  shapes,  having  a  drasy  surface  and  a  columnar  structure;  some- 
times stellate.     Also  pulverulent  and  earthy,  incrusting. 

Cleavage:  b  highly  perfect.  Sectile.  H.  =  1 '5-2*5;  least  on  b,  G.  =  2*948. 
Luster  of  b  pearly;  other  faces  adamantine  to  vitreous;  also  dull,  earthy. 
Color  crimson-  and  peach-red,  sometimes  gray.  Streak  a  little  paler  than  the 
color.     Transparent  to  subtranslucent. 

€omp. — Hydrous  cobalt  arsenate,  Co.As.O,  +  8H,0  =  Arsenic  pentoxide 
38 '4,  cobalt  protoxide  37*5,  water  24*1  =  100.  The  cobalt  is  sometimes  replaced 
by  nickel,  iron,  and  calcium. 

Pyr.,  etc. — lu  the  closed  tube  yields  water  at  a  geutle  heat  and  turus  bluish;  at  a  higher 
heat  gives  off  arsenic  trioxide,  which  condenses  in  crystals  on  the  cool  glass,  and  the  residue 
has  a  dark  gmy  or  black  color.  B.B.  in  the  forceps  fuses  at  2  to  a  gray  bead,  and  colors 
the  flame  light  blue  (arsenic).  B.B.  on  cburcoal  gives  an  arsenical  odor,  and  fuses  to  a 
dark  gray  arsenide,  which  with  borax  gives  the  deep  blue  color  characteristic  of  cobalt. 
Soluble  in  hydrochloric  acid,  giving  a  rose-red  solution. 

Obs.— Occurs  at  Schnceberg  iu  Saxony,  in  micaceous  scales;  Wolfach  in  Baden;  Modum 
in  Norway. 

In  the  U.  S..  in  Penn.,  sparingly  near  Philadelphia;  in  Nevada,  at  Lovelock's  station. 
In  Califoruia.     Named  from  e/jvO fjoi,  red. 

Annabergite.  NisAsaO* -|- 8HaO.  In  capillary  crystals;  also  massive  and  disseminated. 
Color  fine  apple-green.  From  Allemont  iu  Dauphine;  Annaberg  and  Schueeberg; 
Riechelsdorf;  in  Colorado;  Nevada. 

Cabrerite.  (Ni.Me)sAs908  +  8H9O.  Like  erythrite  iu  habit.  Also  fibrous,  radiated; 
reniform,  granular.  Color  apple-green.  From  the  Sierra  Cabrera.  Spain;  at  LauriuD, 
Greece. 

Edttigite.  Hydrous  zinc  arsenate,  ZiijAs,Oi -fSHsO  Massive,  or  in  crusts.  Color 
light  cariniue-  and  pcacb-blossomrtd.  Occurs  with  smaltite  at  the  cobalt  mine  Daniel, 
near  Schueeberg. 


Rhabdophanite.  Scovillite.  A  hydrous  phosphate  of  the  cerium  and  yttrium  metals. 
Massive,  small  mamillary;  as  an  incrustation.  6.  =  8*94-4  01.  Color  brown,  pinkish  or 
yellowish  white.  RhdbdophaniU  is  from  Cornwall;  ScotilUie  is  from  the  Scoville  (limonite) 
ore  bed  iu  Salisbury,  Conn. 

Ohurohite.  A  hydrous  phosphate  of  cerium  and  calcium.  As  a  thin  coating  of 
minute  crystals.    G.  =  814.  Color  pale  smoke-gray  tinged  with  fleah-red.    From  Cornwall. 


SOORODm]. 
945.  Orthorhombic.     Axes  d:h:6  =  0-8658  :  1  :  0-9541. 

(W,    120  A  120  =  60*'  1'.  pp",   111  A  111  =  nV    6'. 

pf/     111  A  ill  =  'ir  8'.  pp"'.  Ill  A  111  =    65*^  20*. 

Habit  octahedral,  also  prismatic.     Also  earthy,  amorphous. 
Cleavage:   d  imperfect;   n,   b  in  traces.     Fracture  uneven. 
Brittle.     H.  =  3*5-4.     G.  =  3-1-3-3.      Luster  vitreous  to  sub- 
adamantine  and  subresinous.     Color  pale  leek-green  or  liver- 
brown.     Streak  white.     Subtransparent  to  translucent. 

Comp.— Hvdrous  ferric  arsenate,  FeAsO,  +  2H,0  =  Arsenic 
pentoxide  49\s,  iron  sesquioxide  34  6,  water  15-6  =  100. 
Pyr.,  etc —In  the  closed  tube  yields  neutral  water  and   turns  yellow.     B.B.  fuses 

ily,  coloring  the  tlume  blue     B.B.  on  charcoid  gives  arsenical  fumes,  and  with  soda  a 

black  magnetic  scoria      With  the  fluxes  reacts  for  iron.     Soluble  in  hydrochloric  acid. 
Obs.— Often  associated  with  arseuopyrlte.     From  Schwarzecberg,  Saxony;  Dernbach, 
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BBddlnglU.  HDtPf  O.  +  SHiO.  lu  oriborbumblu  cryatolB  Dcnr  scorodlle  in  nngle;  >1ao 
gnujulsr.     Q.  =  S'102.     Color  piokiiib  while  lo  yellowish  wbite.     From  Briuclivilli:,  Couq. 

PicropbamucoUta.  K.Aa.O.  +  OH.O.  wiib  R  =  Ca :  Mg  =  6 :  1.  Id  amall  spherical 
(orina.     Color  white.     From  Hieuhelsdurf;  Freiberg:  Joplin.  Hi>. 

Tilcbalclte.  CutAsiOt  +  5HiO.  lu  radjiited  gioups,  culuiiiUHri  deodrliic.  Color 
TerdJgrU-greeu,     From  the  Turgiusk  copper  mine. 

Vivianite  Group.     Mouoclinic. 
Virianite        Ft,P0.+  8H0        «  :i  :<)  =  0-7498  : 1 :0-7015      /J  =  75=  34' 
SympUiite      Fe.A8,0.  +  8H,0  0-7806  : 1  :  06812  72°  43' 

Bobierrite       Mg,l',0,  +  8H  0 
Hometlte        Mg,As,0,  +  8H,0 

Erythrito         Co.Aa.O,  +  8H,0  075      : 1:0-70  75° 

Annabei^te    Ni,A8/J,  +.SH,0 
Cabrtrite         (Ki.Mg),As,0.  +  8H,0 
Kottigite         Zii,Ak,0.  +  8H,0 

The  Vttianite  Group  includes  hydrona  phosphates  of  iron,  msgDeBium, 
cobalt,  nickel  and  zinc,  all  with  eight  tnnleculea  of  water.  The  crystallization 
is  mouoclinic,  and  the  angles  so  far  as  known  correspond  closely. 

TTVIAKITB. 

Monoclinic.  Crystals  prismatic  (mm'"  =  71"  58');  often  in  stellate 
g^onpB.  Also  reniform  and  globular;  structure  divergent,  fibrous,  or  earthy; 
also  incrneting. 

Cleavage:  6  highly  perfect;  a  in  traces;  also  fracture  fibrous  nearly  J. ^. 
Flexible  in  thin  lamina;  gectilo.  H.  =  1-5-2.  G.  =  2-58-2  68.  Luster,  ft 
pearly  or  metallic  pearly;  other  faces  vitreous.  Colorless  vben  unaltered, 
blue  to  green,  deepening  on  exposure.  Streak  colorless  to  bluish  white, 
changing  to  indigo-blue  and  to  liver-brown-  Transparent  to  translucent; 
opaque  after  exposure.     Fleochroism  strong. 

Comp. — Hydrous  ferrous  phosphate,  Fe,P,0,  -j-  8H,0  =  Phosphoma  pen- 
toiide  28-3,  iron  protoxide  43-0,  water  287  —  100. 
.    Hnoy  aualysea  bLow  the  presence  of  iroQ  stequloiide  due  to  alteratloa. 

Pyr.,  etc. — lu  the  closed  lube  jlelda  iie\itn>l  iratcr,  wbliens,  Bud  ezfollates.  B.B. 
fuses  Ht  IS,  ciilorin;  the  flume  bluish  green,  toiigrayisb  black  mugtietlc  globule.  Wllh 
tlie  fluxes  rcBCIa  for  Iron.     Soluble  la  hydrochloric  acid. 

Ob*.— Occurs  associated  with  pyrrbotite  and  pyrite  In  copper  and  tin  veins;  sbraellmea 
In  narrow  veins  with  gold,  traversing  eraynacke;  both  friable  aod  crvBtalliZL-d  In  beds  ol 
clay,  and  Bomelimes  associated  with  irmoiiile,  or  bog  irou  ore;  often  in  cavities  of  fosaiU 
or  buried  bouea. 

Occurs  at  St.  Agues  auU  elsewbeie  Id  Coruwall;  at  Bodeninais;  the  gold  miuea  of 
Verespaiak  lu  Transylvania.  The  eiiithy  vniiety,  someiimes  called  Uu*  ironrtarA  or 
native  Prvttian  bliie  iFer  taurr),  occurs  in  Qreenlaud,  Cariuthia,  Cornwall,  etc. 

In  N.  America,  lii  Neui  Jeitey,  at  Allentowu.  Hoiimoiilh  Co.,  both  crystnlllzed,  iu 
nodules,  and  earlby;  at  Hullica  Udl.  Oloucester  Co  (muUieite),  iu  cytindrlcaf  musses.  Iu 
Virginiii,  In  S:afIord  Co.  lu  Ktntacky,  near  Eddyvillc.  Id  Canaria,  with  Itmouita  iit 
Vaudreuil. 

Symplesite.  Probably  FeiAs,Oi-|-SIItO.  In  email  prismatic  crystals  and  in  radiated 
spbcricHi  aggregates.  O.  =  3'U5T.  Color  pale  indigo,  luclincd  to  celundine-grcen.  From 
LobL'nsteia  in  Voigtiand;  HUtlcubcrg,  CurUitbia. 

Bobierrite.  Mi.'iFiOi  -|-  8H,0.  In  nggregales  of  minii'e  trystsls;  also  mnsalve.  Col- 
orless to  wliile.  From  tlie  guniio  of  Hcxillones.  on  tbe  Cblliau  coast  BiaiiUifeuiUiU  b 
like  bobierrite,  but  couiaius  calcium.     From  Biimle,  Norway. 

Bameslte.  MgtAs,Oi  +  BHiO.  In  crystals  resembling  gypsum;  also  columDar; 
stellar- foliated.     Color  Biiow.wbhc-     From  Ibe  Bauat,  Hungary. 
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BRTTHRITB.    Cobalt  Bloom.    Kobaltblathe  Germ. 

Monoclinic.  Crystals  prismatic  and  vertically  striated.  Also  in  globular 
and  reniform  shapes,  having  a  drusy  surface  and  a  columnar  structure;  some- 
times stellate.     Also  pulverulent  and  earthy,  incrusting. 

Cleavage:  b  highly  perfect.  Sectile.  H.  =  1-5-2 -5;  least  on  b.  G.  =  2-948. 
Luster  of  b  pearly;  other  faces  adamantine  to  vitreous;  also  dull,  earthy. 
Color  crimson-  and  peach-red,  sometimes  gray.  Streak  a  little  paler  than  the 
color.     Transparent  to  subtranslucent. 

€omp. — Hydrous  cobalt  arsenate,  Co,As,0,  +  8H,0  =  Arsenic  pentoxide 
38*4,  cobalt  protoxide  37*5,  water  24-1  =  100.  The  cobalt  is  sometimes  replaced 
by  nickel,  iron,  and  calcium. 

Pyr.,  etc. — lu  the  closed  tube  yields  water  at  a  gentle  heat  and  turus  bluish;  at  a  higher 
heat  gives  off  arsenic  trioxide,  which  condenses  in  crystals  on  the  cool  glass,  and  the  residue 
has  a  dark  gniy  or  black  color.  B.B.  in  the  forceps  fuses  at  2  to  a  gray  bead,  and  colors 
the  flame  light  blue  (arsenic).  B.B.  on  charcoal  gives  an  arsenical  odor,  and  fuses  to  a 
dark  gniy  arsenide,  which  with  borax  gives  the  deep  blue  color  characteristic  of  cobalt. 
Soluble  in  hydrochloric  acid,  giving  a  rose-red  solution. 

Obs.— Occurs  at  Schneeberg  in  Saxony,  in  micaceous  scales;  Wolfach  in  Baden;  Modum 
in  Norv?ay. 

lu  the  U.  S.,  in  Penn..  sparingly  near  Philadelphia;  in  Nevada,  at  Lovelock's  station. 
In  California.     Named  from  e/jvO fjoi,  red. 

Annabergite.  NisAsaO*  -f  8H3O.  In  capillary  crystals;  also  massive  and  disseminated. 
Color  tine  apple-green.  From  Allemoul  in  Dauphine;  Annaberg  and  Schneeberg; 
Riechelsdorf;  in  Colorado;  Nevada. 

Cabrerite.  (Ni.M^)sAs908  +  8H,0.  Like  erythrite  inhabit.  Also  fibrous,  mdiated; 
reniform,  granular.  Color  apple-green.  From  the  Sierra  Cabrera,  Spain;  at  LauriuD, 
Greece. 

Edttigite.  Hydrous  zinc  aruenate,  Zii 9 A.«,Ot  +  8HsO  Massive,  or  in  crusts.  Color 
light  carmine-  and  peach-blossom-rtd.  Occurs  ^ith  smaltite  at  the  cobalt  mine  Daniel, 
near  Schneeberg. 


Rhabdophanite.  Scovillite.  A  hydrous  phosphate  of  the  cerium  and  yttrium  metals. 
Massive,  small  mamillary;  as  an  incrustation.  6.  =8*94-4  01.  Color  brown,  pinkish  or 
yellowish  white.  Wiabdop/ianiie  is  from  Cornwall;  Scotiiliie  is  from  the  Scoville  (limonite) 
ore  bed  in  Saliiibury,  Conn. 

Ohurohite.  A  hydrous  phosphate  of  cerium  and  calcium.  As  a  thin  coating  of 
minute  crystals.    G.  =  814.  Color  pale  smoke-gray  tinged  with  fleah-red.    From  Cornwall. 


SOORODm]. 
945.  Orthorhombic.     Axes  d:h:i  =  0-8658  :  1  :  0-9541. 

(W,    120  A  120  =  60«  1'.  pj/\  111  A  ill  =  nV    6'. 

pf/     111  A  111  =  'ir  8'.  pjf".  111  A  111  =    65*^  20'. 

Habit  octahedral,  also  prismatic.     Also  earthy,  amorphous. 

Cleavage:  d  imperfect;  n,  b  in  traces.  Fracture  uneven. 
Brittle.  H.  =  3-5-4.  G.  =  3-1-3-3.  Luster  vitreous  to  sub- 
adamantine  and  subresinous.  Color  pale  leek-green  or  liver- 
brown.     Streak  white.     Subtransparent  to  translucent. 

Comp.— Hvdrous  ferric  arsenate,  FeAsO,  +  2X1,0  =  Arsenic 
pentoxide  49-8,  iron  sesquioxide  34  6,  water  15-6  =  100. 

Pyr.,  etc— In  the  closed  tube  yields  Deutral  water  nnd   turns  yellow.     B.B.  fuses 

ily,  coloring  the  tlame  bbie     B.B.  on  charcojil  gives  arsenical  fumes,  and  with  soda  a 

black  magnetic  scoria      With  the  fluxes  reacts  for  iron.     Soluble  in  hydrochloric  acid. 

Obs.— Often  associated  with  nrseuopyrite.    From  Schwarzecberg,  Saxony;  Dernbacb, 
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Raddlnglta.  HdiPiO.  +  SHiO.  lu  orlhorliumUic  crystals  Duor  scorodlte  in  nngle;  alio 
gnuiular.     G  =  S'lOiJ.     Culor  piukisb  wliJielojrelJowisli  white.     From  BrsucliTille,  Coun. 

PicroptunnacoUte.  I{,As,0,  -|-  <tH,0.  with  R  =  Ca :  Mg  =  6 : 1.  Id  email  splierlciil 
(orms.     Color  nbite.     From  KiuulielMlurf;  Freiberg;  Joplin,  Hu. 

Trlchaldte.  CuiAftiOi  +  5H,0  lu  radiiiled  groups.  culuiiiDai';  deudrilic.  Color 
Terdigrl»-greeu.     From  Ibe  Turgiusk  copper  tulue. 

Viviunite  Group.     Mouoclinic. 
Tiviaaite        Fu.P.O.  +  8H,0        «  :  i  :  <)  =  0-7498  : 1 : 0  7015      /J  =  75=  34' 
Bymplesite       Fe.As.O,  +  8H,0  0-7806  :  1  :  06812  72°  43' 

Bobiorrite        Mg,l%0.  +  8H,0 
Hceraeiite        .\[g,As,0,  +  8H,0 

Erythrite         Uo,As,0,  +  8H,0  075      : 1:0-70  75° 

AnUBbe^te     Ni,Aa,0,  -f  811,0 
Cabrtfrite         (Ni,Mg),As,0,  +  8H,0 
KSttigite  Zti,AB,0.  +  811,0 

The  ViviANiTE  Group  includes  hydrona  phosphates  of  iron,  magDeBium, 
cobiilt,  nickel  and  zinc,  all  with  eight  molecules  of  water.  The  crystallization 
is  motioclinic,  and  the  angles  so  far  as  known  correspond  closely. 

VIVIANTTB. 

Monoclinic.  Crystals  prismatic  (mm'"  =  71°  58');  often  in  stellate 
gronpa.  Also  reniform  and  globular;  structure  divergent,  fibrous,  or  earthy; 
also  incrusting. 

Cleavage:  6  highly  perfect;  a  in  traces;  also  fracture  fibrous  nearly  X^- 
Flexible  iu  thin  laminae;  aectile.  H.  =  1-5-2.  G.  =  2-58-2  68.  Luster,  ft 
pearly  or  metallic  pearly;  other  faces  vitreous.  Colorless  when  unaltered, 
blue  to  green,  deepening  on  exposure.  Streak  colorless  to  bluish  white, 
changing  to  indigo-blue  and  to  liver-brown.  Transparent  to  translucent; 
opaque  after  exposure.     Pleochroism  strong. 

Camp, — Hydrous  ferrous  phosphate,  Fe,P,0,  -|-  8H,0  =  Phosphorus  pen- 
toxide  28-3,  iron  protoxide  43-0,  water  28'7  —  100. 
.    Mnny  aualyses  sliow  tbe  presence  of  Iron  etsquioxide  due  to  alteration. 

Pyr..  etc. — In  tLe  closed  Iul>e  jrields  Deutral  water,  whilens,  aud  ezfollates.  B.B. 
fuses  at  1  *5,  ciiloria^  the  flume  bluish  green,  to  n  grayisli  black  inugDeilc  globule.  Wlih 
tlie  fluxea  reacts  for  Iroo.     Soluble  Id  hydrociiluric  acid. 

Oba.— Occurs  associated  wilU  pyrrbolite  and  pyrlle  In  copper  and  lla  Tuius;  sbraellmea 
la  narrow  veins  with  gold.  travcrBiag  ^raywucke;  both  friable  and  crvBtalllzi-d  la  beds  ol 
clay,  and  someliines  associated  witb  limoiiltc.  or  t>og  irou  oris;  utico  in  cavitiva  of  frasUs 
or  burled  boucs. 

Occurs  at  St.  Agues  ntid  elsewhere  In  Corownll;  at  Bodeninaia:  the  gold  miues  of 
Teres])aink  iu  Tnnsylvnnlo.  The  eurthy  vaiiely,  somellmes  called  blu«  iron-earA  or 
native  Pruttian  bius  \Fer  azarf),  occurs  in  Qreealaud,  Curiulhia,  Cornwall,  etc. 

In  N.  America,  fu  Nea  Jeiwy,  at  AJIeutowu.  Houmouth  Co.,  boih  crvstalllEed,  in 
Dodulcs.  and  eariby;  at  Mullica  Hdl,  Oloucealer  Co  {mallidU),  iu  cylindrical  musses.  Iu 
Virginiii.  in  S:affor{l  Co.  Iu  Kantucky,  oeiir  Eddyvillc.  In  Canada,  with  llmoulte  iit 
Vaudreuil. 

Bymplaslte.  Probably  FeiAB,0,-|-8HtO.  In  small  prismatic  ctystnis  and  in  radlaled 
BpbericHl  aggregates.  G,  =  2-ii57.  Color  pule  iudigo,  Inclined  to  celandine-green.  From 
Lobenstein  in  Volgtland;  HUtteuberg,  Curiulhia. 

Bobterrit«.  H^'tFiOi  +  8H,0.  In  nggrcgatea  of  minute  crystals;  also  mnsstve.  Col- 
nrless  to  white.  From  liie  guano  of  Hciiliotios.  on  the  Chilian  coait  BattltfeuitUlt  is 
like  bobierrlte.  but  contains  culclum.     From  Biiinle,  Norway. 

BcBrnesite.  MgiAsiOi -j- 8H|0.  In  cryatnls  resembling  gypsum;  also  columoar; 
stellar- foliated.     Color  suow-while.     From  the  Bauat,  Hungary. 
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BRTTHRITB.     Cobalt  Bloom.     KobaltblQthe  Germ. 

Monoclinic.  Crystals  prismatic  and  vertically  striated.  Also  in  globular 
and  reniform  shapes,  having  a  drusy  surface  and  a  columnar  structure;  some- 
times stellate.     Also  pulverulent  and  earthy,  incrusting. 

Cleavage:  b  highly  perfect.  Sectile.  H.  =  l'5-2-5;  least  on  b.  G.  =  2-948. 
Luster  of  b  pearly;  other  faces  adamantine  to  vitreous;  also  dull,  earthy. 
Color  crimson-  and  peach-red,  sometimes  gray.  Streak  a  little  paler  than  the 
color.     Transparent  to  subtranslucent. 

Comp. — Hydrous  cobalt  arsenate,  Co.As.O,  +  8H,0  =  Arsenic  pentoxide 
38*4,  cobalt  protoxide  37*5,  water  24*1  =  100.  The  cobalt  is  sometimes  replaced 
by  nickel,  iron,  and  calcium. 

Pyr.,  etc. — lu  the  closed  tube  yields  water  at  a  getitle  heat  and  turus  bluish;  at  a  higher 
hent  gives  off  arsenic  trioxide,  which  condenses  in  crystals  on  the  cool  glass,  and  the  residue 
has  a  dark  gniy  or  black  color.  B.B.  in  the  forceps  fuses  at  2  to  a  gray  bead,  and  colors 
the  flame  light  blue  (arsenic).  B.B.  on  charcoal  gives  an  arsenical  odor,  and  fuses  to  a 
dark  gniy  arsenide,  which  with  borax  gives  the  deep  blue  color  characteristic  of  cobalt. 
Soluble  in  hydrochloric  acid,  giving  a  rose-red  solution. 

Obs.— Occurs  at  Schneeberg  iu  Saxouy,  in  micaceous  scales;  Wolfacb  in  Baden;  Modum 
in  Norvyay. 

Iu  the  U.  S.,  in  Peun.,  sparingly  near  Philadelphia;  in  Nevada,  at  Lovelock's  station. 
In  Culiforuia.     Named  from  efjvOfjoi,  red. 

Annabergite.  NisAsaO*  -|-  8H9O.  In  capillary  crystals;  also  massive  and  disseminated. 
Color  tine  upple-green.  From  Allemout  iu  Daupbine;  Aunaberg  and  Schneeberg; 
Riecltelsdorf;  in  Colorado;  Nevada. 

Cabrerite.  (Ni,Me)sA8908  +  8H,0.  Like  erythrite  iu  habit.  Also  fibrous,  mdiated; 
reniform,  granular.  Color  apple-green.  From  the  Sierra  Cabrera,  Spain;  at  LauriuD, 
Greece. 

Edttigite.  Hydrous  zinc  aruenatc,  ZusAssOt +  8H9O  Massive,  or  in  crusts.  Color 
lis^ht  carniiiie-  and  peach-blossom-rtd.  Occurs  ^ith  smaltite  at  the  cobalt  mine  Daniel, 
near  Schneeberg. 

Rhabdophanite.  Scovillite.  A  hydrous  phosphate  of  the  cerium  and  yttrium  metals. 
Massive,  small  mamillary;  as  an  incrustation.  G.  =  8*94-401.  Color  brown,  pinkish  or 
yellowish  white.  Rhabdophanite  is  from  Cornwall;  Scotilliie  is  from  the  Scoville  (limonile) 
ore  bed  in  Salisbury,  Conn. 

Ohurchite.  A  hydrous  phosphate  of  cerium  and  calcium.  As  a  thin  coating  of 
minute  crystals.    G.  =  814.  Color  pale  smoke-gray  tinged  with  fleah-red.    From  Cornwall. 


SOORODm]. 
945.  Orthorhombic.     Axes  d:h:i  =  0-8658  :  1  :  0-9541. 

(W,    120  A  120  =  60'  V.  pi/\  111  A  111  =  nV    6'. 

pf/     111  A  111  =  'ir  8'.  pp"',  111  A  111  =    65"  2^. 

Habit  octahedral,  also  prismatic.     Also  earthy,  amorphous. 

Cleavage:  d  imperfect;  n,  b  in  traces.  Fracture  uneven. 
Brittle.  H.  =  3-5-4.  G.  =  3-1-3-3.  Luster  vitreous  to  sub- 
adamantine  and  subresinous.  Color  pale  leek-green  or  liver- 
brown.     Streak  white.     Subtransparent  to  translucent. 

Comp.— Hvdrous  ferric  arsenate,  FeAsO,  +  2H,0  =  Arsenic 
pentoxide  49*8,  iron  sesquioxide  34  6,  water  15-6  =  100. 

Pyr.,  etc —In  the  closed  tube  yields  neutral  water  nnd   turns  yellow.     B.B.  fuses 

ily,  coloring  the  flame  blue      B.B.  on  charcojil  gives  arsenical  fumes,  and  with  soda  a 

black  magnetic  scoria      With  the  fluxes  reacts  for  iron.     Soluble  in  hydrochloric  acid. 

Obs.— Often  associated  with  nrsenopyrlte.     From  Schwarzer.berg,  Saxony;  Dernbacb, 
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PlcroptumucoUto.  K.^O,  -|-  tlH.O,  wiih  R  =  Ca :  Mg  =  S :  1.  Id  small  aplisrical 
furms.     Color  wbitu.     From  ItieclielsdurF;  Freiberg:  Jopliu.  Mo. 

Triobalcita.  CuiAsiOi  +  5HiO  lu  radiiited  groups,  culuniDan  deudrilic.  Color 
venligrU-greeL.    From  ibe  Turgiusk  copper  m[ue. 

VlviuDite  Gruiip.     Mouoclinic. 

Virianito        Ff,P,0.  +  8H  0        &:t:i  = 

Sympleaite      Fo.Aa,0,  +  8H,0 

Bobierrite       Mg.P.O.  +  8H  O 

Hcemesite        Mg,As,0,  +  8H,0 

Erythrite         Co.Ab.O.  +  8H,0  0-75      : 1  : 0-70  76° 

Annabergite    Ni,As,0,  +8H,0 

CabrCTito         (Ni.Mg),A8,0.  +  8H,0 

Kottiffite         Zt..As,0.  +  8H,0 

The  VrviANiTE  Grodp  includea  hydroiia  phosphates  of  iron,  magDeBium, 
cobiilt,  nickel  and  zinc,  ull  with  eight  molecules  of  water.  The  crystulization 
is  moiiocliDic,  und  the  angles  so  far  as  known  correspond  closely. 

VIVIAKITE. 

Monoclinic.  Crystals  prismatic  (mm'"  =  71°  58');  often  in  stellate 
gronps.  Also  reniform  and  globular;  structure  divergent,  fibrous,  or  earthy; 
also  in  crusting. 

Cleavage:  d  highly  perfect;  a  in  traces;  also  fracture  fibrous  nearly  X^^- 
Flexible  in  thin  lamiiiffi;  sectile.  H.  =  1-5-2,  G.  =  2-58-2C8.  Luster,  A 
pearly  or  metallic  pearly;  other  faces  vitreous.  Colorless  when  unaltered, 
blue  to  green,  deepeuitig  on  exposure.  Streak  colorless  to  bluish  white) 
changing  to  indigo-bltie  and  to  liver-brown.  Transparent  to  translncent; 
opaque  after  exposure.     Pleochroism  strong. 

Comp. — Hydrous  ferrous  phosphate,  Fe,P,0,  +  8H,0  =  Phospbonis   pen- 
toxide  28-3,  iron  protoxide  43-0,  water  287  i:^  100. 
,    Mnoy  analyses  sliiin  tbe  preseace  of  iroD  si^squioxidu  due  to  alteration. 

Pyr.,  ate. — lu  tlie  closed  lube  yields  ueiilnil  water,  wbilens,  and  eifollales.  B.B. 
fuseB  at  I'S.  colorin"  Ibu  flame  bluish  grceD,  to  n  grnyUli  black  mugnelic  globule.  Wiib 
tbe  fluxes  reads  for  Iroa.     Soluble  la  bydrocbloric  acid. 

Oba.— Occurs  assoclalcd  with  pyrrliotile  aiid  pyrite  in  copper  and  tin  veitie:  sOmetfmM 
In  narrow  veins  with  gold,  travirsing  ^raywacke;  bolb  friable  and  crvslalliKud  In  beds  of 
clay,  aod  BOmeliines  associated  willi  hmoriitc,  or  bog  iron  ore;  often  lu  cavities  of  foaslls 
or  burled  boucs. 

Occurs  at  Si.  Agues  and  elsewbere  in  Cornwnll;  ut  Bodenmals;  tlie  gold  miues  of 
Verei|>atiik  Iti  Triinsylvnnb,  Tbe  eiirtby  varjciy,  goiaeiimee  calleil  blu»  irim-earlh  or 
naft'M  Pruttian  blue  iFer  tuur#),  occurs  In  Qreenlniid,  Carlulbla,  Coinwall,  elc. 

In  N.  America,  lu  JV«ti  Jei-Ky.  at  Alleutowu,  Monmoulh  Co.,  bolb  crystallized.  In 
nodules,  and  earlhy:  at  MuUica  Hill.  Gloucester  Co  {muUidU),  lu  cylindrical  mitsaea.  lu 
Virginw,  in  S:afford  Co.  In  Ktntaeky,  ueiir  Eddyvillc.  Id  Canada,  with  limouila  nt 
Vaudreuil. 

Symplsaite,  Probably  PeiA»,Oi -|-8H,0.  In  small  prismatic  cryslnis  and  in  radialed 
■p)ieric»l  aggregates.  G.  =  2'U5T.  Culor  pule  iudigo,  Inclined  to  celuudloe-grcen.  From 
Lobvusleln  in  Voiglland;  HUlIcubcrg,  Curiutlila. 

Bobierrite,  Mi;iP,0i  +  811,0.  In  nggregaies  of  minii'e  crystals;  also  mnsslve.  Col- 
orless to  while.  Prom  llie  giiniio  of  Meitllones.  on  tbe  Cblllau  coasL  HattUfeuiOiU  i* 
like  bcbierrlle,  but  coutoiua  caltlum.     Prom  Bumle,  Norway. 

HoBnkailt«.  MgiAs,Oi -j- 8BgO.  In  crystiLls  resembliug  gypsum;  also  columnar; 
stellar- foliated.     CuTur  suow.wbitc.     From  llio  Banat,  Hungary. 
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BRTTHRirB.     Cobalt  Bloom.     Kobaltblathe  Qmm. 

Monoclinic.  Crystals  prismatic  and  vertically  striated.  Also  in  globular 
and  reniform  shapes,  having  a  drasy  surface  and  a  columnar  structure;  some- 
times stellate.     Also  pulverulent  and  earthy,  incrusting. 

Cleavage:  b  highly  perfect.  Sectile.  H.  =  1  •5-2-5;  least  on  b,  G.  =  2-948. 
Luster  of  b  pearly;  other  faces  adamantine  to  vitreous;  also  dull,  earthy. 
Color  crimson-  and  peach-red,  sometimes  gray.  Streak  a  little  paler  than  the 
color.     Transparent  to  subtranslucent. 

Comp. — Hydrous  cobalt  arsenate,  Co,As,0,  +  8H,0  =  Arsenic  pentoxide 
38-4,  cobalt  protoxide  37'5,  water  24*1  =  100.  The  cobalt  is  sometimes  rerjlaced 
by  nickel,  iron,  and  calcium. 

P3nr.,  etc. — lu  the  closed  tube  yields  water  at  a  gentle  heat  and  turns  bluish;  at  a  higher 
hent  gives  off  arsenic  trioxide,  which  condenses  in  crystals  on  the  cool  glass,  and  the  residue 
has  a  dark  gray  or  black  color.  B.B.  in  the  forceps  fuses  at  2  to  a  gray  bead,  and  colors 
the  flame  light  blue  (arsenic).  B.B.  on  charcoal  gives  an  arsenical  odor,  and  fuses  to  a 
dark  gray  arsenide,  which  with  borax  gives  the  deep  blue  color  chai-acterislic  of  cobalt. 
Soluble  in  hydrochloric  acid,  giving  a  rose-red  solution. 

Obs.— Occurs  at  Schneeberg  iu  Saxony,  in  micaceous  scales;  Wolfach  in  Baden;  Modum 
in  Nor V? ay. 

Iu  the  U.  S.,  in  Penn.,  sparingly  near  Philadelphia;  in  Nevada,  at  Lovelock's  station. 
In  California.     Named  from  efjvBfjoi,  red. 

Annabergite.  NisAsaOn -|- 8HaO.  In  capillary  crystals;  also  massive  and  disseminated. 
Color  fine  upple-green.  From  Allemont  in  Dauphin^;  Annaberg  and  Schneeberg; 
Rieclielsdorf;  in  Colorado;  Nevada. 

Cabrerite.  (Ni.Mg)sA890g  +  8HsO.  Like  erythrite  in  habit.  Also  fibrous,  mdiated; 
reniform,  granular.  Color  apple-green.  From  the  Sierra  Cabrera,  Spain;  at  LaurioD, 
Greece. 

E6ttigite.  Hydrous  zinc  aruenate,  ZnsA.«90t  +  8HsO  Massive,  or  in  crusts.  Color 
lii^ht  cariiiiiie-  and  peach-blossomrtrd.  Occurs  with  smaltite  at  the  cobalt  mine  Daniel, 
near  Schneeberg. 


Rhabdophanite.  Scovillitc.  A  hydrous  phosphate  of  the  cerium  and  yttrium  metals. 
Massive,  small  mamillary;  as  an  incrustation.  6.  =  8*94-4  01.  Color  brown,  pinkish  or 
yellowish  white.  Wiabdop/ianits  is  from  Cornwall;  ScotUliie  is  from  the  Scoville  (limoniie) 
ore  bed  in  Salisbury,  Conn. 

Ohorchite.  A  hydrous  phosphate  of  cerium  and  calcium.  As  a  thin  coating  of 
minute  crystals.    G.  =  814.  Color  pale  smoke-gray  tinged  with  fleah-red.    From  Cornwall. 


SOORODm]. 
945.  Orthorhombic.     Axes  d:i:i=^  0-8658  :  1  :  0  9541. 

(W,    120  A  120  =  60'  1'.  pp".  Ill  A  Hi  =  HI*'    6'. 

pf/     111  A  ill  =  •J7**  8'.  pp"',  111  A  111  =    eS*'  20*. 

Habit  octahedral,  also  prismatic.     Also  earthy,  amorphous. 

Cleavage:  d  imperfect;  n,  b  in  traces.  Fracture  uneven. 
Brittle.  H.  =  3-5-4.  G.  =  3-I-3-3.  Luster  vitreous  to  sub- 
adamantine  and  subresinous.  Color  pale  leek-green  or  liver- 
brown.     Streak  white.     Subtranspareut  to  translucent. 

Comp.— Hydrous  ferric  arsenate,  FeAsO,  +  211,0  =  Arsenic 
pentoxide  49-8,  iron  sesquioxide  34  6,  water  15*6  =  100. 

Pyr.,  etc —In  the  closed  tube  yields  neutral  water  and   turns  yellow.     B.B.  fuses 

ily,  coloring  the  tlame  blue      B.B.  on  charcoal  gives  arsenical  fumes,  and  with  soda  a 

black  magnetic  scoria      With  the  fluxes  reacts  for  iron.     Soluble  in  hydrochloric  acid. 

Obs.— Often  associated  with  arsenopyrite.     From  Schwarzecberg,  Saxony;  Dernbacb, 
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Krdhnkite.    CuS04.Nai804  +  2H:,0.     Massive,   coarsely  fibrous.    Color   azure-blue. 
From  Culumu,  Atucutim. 

Phillipitk.   Perhaps  CuS04.Fe,(S04)«  -f  nH,0.   In  blue  fibrous  masses.  Chili.  Found 
at  the  copper  iniues  iu  the  Cordilleras  of  Condes,  province  of  Santiuiro,  Chili. 

Ferronatrite.     3NH,S04.Fe,(.S04)> -f  6H»0.     Karely  in    acicular  crystals;  usually  in 
spherical  forms.     Color  greenish  or  gray  to  white.     From  Sierra  Gorda  near  Caracoles^ 

Chili. 

Rdmerite.    Perhaps  FeS04.Fea(S04)s  +  12HtO.    In  tabular  crystals;  granular,  masslTe. 
Color  chesuut- brown.     From  Gosinr  iu  the  Uarz;  Persia.  Chili. 


Basic  Hydrous  Sulphates. 

Langite.  Near  brochantite.  CuS04.BCu(OH),  -f  H,0.  Ususlly  in  fibro-lamellar, 
concretionary  crusts.     Color  blue  to  greenish  blue.     From  Cornwall 

Herrengrundite.  a(CuOH)aS04.Cu(OH),  +  3H,0  with  one-fifth  of  ihe  copper  replaced 
by  calcium.  In  thin  tabular  crystals;  usually  in  spherical  groups.  Color  emerald-green, 
bluish  green.    From  iierrengrund,  Hungary. 

Kamarezite.     A  hydrous  basic  copper  sulphate  from  Laurion,  Greece. 

Cyanotrichite.  Lettsomite.  Perhaps  4CuO.Al90«.80>.^HaO.  In  velvet-like  druses;  in 
spherical  forms.  Color  bright  blue.  From  Moldawu  in  ibe  Banat;  Cap  Garonne,  France. 
In  Utah  and  Arizona. 

Serpierite.  A  basic  sulphate  of  copper  and  zinc.  In  minute  crystals,  tabular,  in  tufts. 
Color  bluish  green.     From  Laurion,  Greece. 


OOPIAPITB. 

Monoclinic.  Usually  in  loose  aggregations  of  crystalline  scales,  or  granular 
massive;  incnisting. 

Cleavage:  ^(010).  H.  =  2'5.  G.  =  2-103.  Luster  pearly.  Color  sulphur- 
yellow,  citron-yellow.     Translucent. 

Comp.— A  basic  ferric  sulphate,  perhaps  2Fe,0,.5SO,.18H,0  =  Sulphur 
trioxide  38*3,  iron  sesquioxide  30*6,  water  31*1  =  100. 

Misy  is  an  old  term,  which  has  been  somev  hat  vaguely  applied.  It  seems  to  belong  in 
part  here  and  in  part  also  to  other  related  species. 

Pyr.,  etc. — Yields  water,  and  at  a  higher  temperature  sulphuric  acid.  On  charcoal 
becomes  magnetic,  and  with  soda  affords  the  reaction  for  sulphuric  acid.  With  the  fluxes 
reacts  for  iron.    Soluble  in  water,  and  decomposed  by  boiling  water. 

Oba.— The  original  copiapite  was  from  Copiapo.  Chili. 

Other  hydrated  ferric  sulphates: 

Oastanite.     Fe,0,  280..8H,0.     Color  chestnut  brown.     From  Sierra  Gorda,  Chili. 

Utahite.     8Fe7O8.2SOs.7HaO.     In  aggregates  of  fine    scales.     Color  orange-yellow 
From  the  Tin  tic  distr.,  Utah. 

Amarantite.  Fe90».2SOs  TH^O  Usunlly  in  columnar  or  bladed  masses,  also  radiated. 
Color  amaranth-red.  From  near  Caracoles.  Chili.  Hohmannite  is  the  same  partially 
altered;  this  is  probably  nlso  trup  of  paponte. 

Fibroferrite.  FeaO8.2SO8.10H,O.  In  del  id tely  fibrous  aggregates.  Color  pale  yellow, 
nearly  white.     From  the  Tierni  Amarilla  near  Copiapo,  Chili. 

Raimondite.  2Fe,Os.3SOs  7H9O.  In  thin  six-sided  tables.  Color  between  honey-  and 
ocher-yellow.     From  ihe  tin  mines  of  Ehrenfriedersdorf ;  mines  of  Bolivia. 

Oarphosiderite.  8FeaOs.4SO8.10H<)O.  In  reiiiform  masses,  and  incrustations;  also  in 
micaceous  lamellse.     Color  straw-yellow.     From  Greenland. 

Olockerite.  2Fea08.S08.6H«0.  Massive,  sparrv  or  enrthv:  stalactitic.  Color  brown 
to  ocher-yellow  to  pitch-black;  dull  green.     From  Goslar  and  Modum. 

Knoxvillite.  A  hydrous  basic  sulphate  of  chromium,  ferric  iron,  and  aluminlnm.  In 
rhombic  plates.  Color  greenish  yellow.  From  the  Redington  mercury  mine,  Enpzville, 
California. 
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Redinotonite.  a  hydrous  chromium  sulphate,  iu  finely  fibrous  masses  of  a  pule 
purple  culur.    Same  locality  as  knoxvillite. 

Cyprusite.  Perhaps  7Fe,O9.AlsO9.10SOs.l4HsO.  An  aggregation  of  microscopic 
crystals.     Color  yellowidh.     From  the  island  of  Cyprus. 

Aluminite  (Websterite).  AUOs.SOM.9H9O.  Usually  in  white  earthy  reniform  musses, 
coQipaci.     From  near  Halle,  iu  elay;  also  at  Newliaveu,  Sussex,  and  el.^ewhere. 

Paraluminite.     Near  aluminite.  but  supposed  to  be  2Aia09S09.1oH90. 

FeUdbanyite.  2AI9O9.SO9.IOH9O.  Massive;  in  scaly  concretions.  Color  snow- while. 
From  near  Fels5banya,  Hungary. 

Botryogen.  Perhaps  AIgO.FeO.Fe909  4S09.18HtO.  Usually  in  reniform  and  botryoidal 
shapes.     Color  deep  hyacinth  red,  ocher-yellow.     From  Falun,  Sweden;  also  from  Persia. 

Sideronatrite.  2Na9O.Fe9O94SO9.7H9O.  Fibrous,  massive.  Color  yellow.  From  1  he 
province  of  Tarapacd,  Chili  Also  on  the  Urus  plateau,  near  Surakaiya,  on  the  islan;i, 
Chclcken,  in  the  Caspian  Sea  utusite), 

Voltaite.  Perhaps  5(K9.Fe)O.12(Al,Fe)9O9.10SO9.15H9O.  In  octahedrons,  etc.  Color 
dull  oil-green  to  broAU  or  bla(tk.     From  the  solfatara  near  Naples;  u1m3  Persia. 

MeUvoltine.  Perhaps  5(E9.Na9.Fe)0.dFe,09.12S09.18H,0.  In  aggregates  of  minute 
yellow  scales.     Occurs  with  voltaite  in  Persia. 

AliUNlTU.     Alumstone.     Alaunslein. 

Rliombohedral.  Axis  i  =  1*2520.  In  rliombohedrons,  resembling  cubes 
(^rr'  =  90""  50').  Also  massive,  having  a  fibrous,  granular,  or  impalpable 
texture. 

Cleavage:  c  distinct;  r  in  traces.  Fracture  flat  conchoidal,  uneven;  of 
massive  varieties  splintery;  and  sometimes  earthy.  Brittle.  H.  =  3*5-4.  G. 
=  2  58-2-752.  Luster  of  r  vitreous,  basal  plane  somewhat  pearly.  Color  white, 
sometimes  grayish  or  reddish.  Streak  white.  Transparent  to  subtranslucent. 
Optically  positive. 

Comp.  -Hydrous  sulphate  of  aluminium  and  potassium,  K,0.3A1,0,.4S0,. 
6H,0  =  Sulphur  trioxide  38-6.  alumina  37*0,  potash  11-4,  water  13  0  =  100. 
The  formula  may  be  written  K(A10).(S0J.  +  3H,. 

Pyr.,  etc.— B.B.  decrepitates,  and  is  infusible.  In  the  closed  tube  yields  water,  some- 
times also  ammonium  sulphate,  and  at  a  higher  temperature  sulphurous  and  sulphuric 
oxitles.  Heated  with  cobalt  solution  affords  a  fine  blue  color.  With  soda  and  charcoal 
infusible,  but  yields  a  hepatic  mass.     Soluble  in  Milphuric  arid. 

Oba.— Forms  seams  in  trachytic  and  allied  rocks,  where  it  has  been  formed  as  a  result 
of  the  alteration  of  the  rock  oy  m»*Mn8  of  sulphuious  vnpor«:  as  at  Tolfa,  near  Civita 
Veccliia;  in  Hungary;  on  Mil«>,  Grecian  Archipelago;  at  Ml.  Dore.  France.  In  the  U.  S., 
associiited  with  dia^tpore,  in  rhombohedral  crystals,  tabular  through  the  presence  of  e(OOOl) 
at  the  Rosita  Hills,  Custer  Co  ,  Colorado. 

JAROSmi.     GelMsenerz 

Rhombohedral.  Axis  i  =  1*2492;  rr'  =  90""  45',  rr  =  55**  16'.  Often  in 
druses  of  minute  crystals;  also  fibrous,  granular  massive;  in  nodules,  or  as  an 
incrustation. 

Cleavage:  c  distinct.  Fracture  uneven.  Brittle.  H.  —  2*5-3  5.  G.  =  315- 
3  26  cryst.  Luster  vitreous  to  subadamjintitie ;  brilliant,  also  dull.  Color 
ocl)er-yellow,  vellowish  brown,  clove-brown.     Streak  vellow,  shining. 

Comp.— K,'0.3Fe,0,  4SO,.6H,0  -  Sulphur  trioxide  31-9,  iron  sesquioxide 
47-9, potash  9  4, water  108  =  100.    The  formula  may  be  written  K(FeO),(SOj, 

Obs. — The  original  Gelbeisenerz  was  from  Luschitz.  l)etween  Kolosonik  and  Bilfn, 
Bohemia,  in  brown  coal;  and  later  from  Modum,  Norway,  in  alum  slate.  The  larositp  wa« 
from  Barrnncn  Jaroso,  in  the  Sierni  Almaerera  Spain;  also  from  other  points  In  the  U.  S., 
on  quartz  in  the  Vulture  mine,  Arizona;  in  Chaffee  County,  Col.;  Tintic  district,  Utah. 
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lidwigite.    Perhaps  KtO.3AltOs.4SOs.9HtO.     lu  rounded  masses,  similar  to  compact 
alunite.    Found  in  a  coal  bed  at  Tabrze  iu  Upper  Silesia;  also  with  aluuiie  at  Tolfa. 

Bttrlngite.     Perhaps  GCaO.AUOs.SSOs.SBHtO.    In  minute  colorless  acicular  crystals. 
From  limestone- inclusions  in  lava,  near  Mayen.  Rhenish  Prussia. 

QueUniU.    MgO.FctOs.SSOs.lSHtO.     Massive,  in  indistinct  crystals.     Color  reddish 
brown.    From  Quetena,  Chili. 

Zinoalominite.    2ZuS04.4Zu(OH)t.6Al(OH)s  +  5HtO.    In    minute  hexagonal    plates. 
Color  white,  bluish.    From  Laurion.  Greece. 

Johannita.    A  hydrous  sulphate  of  uranium  and  copper.    In  druses  or  reniform  masses 
of  a  green  color.     From  Joachimsthal. 

Uranopilite.     Perhaps  CaU»StOsi.25HtO.     In  velvety  incrustations;    yellow.     From 
Johanngeorgenstadt. 

Zippeite,  voglianite,  uraeonite  are  uncertain  uranium  sulphates,  also  from  Joachimsthal. 


Tellurates;  also  Tellurites,  Selenites. 

Montanite.     Bi,0s.Te0s.2H,0     In  earthy  incrustations;  yellowish  to  white.     From 
Highland,  Montnnn,  with  tetradymite. 

Bmmonaite.    Probably  a  hydrated  ferric  tellurite.    In  thin  yellow-green  scales.     From 
near  Tombstone.  Arizona. 

Dordenite.     Hydrous  ferric  tellurite,   Fet(TeOs)s  +  4HtO.      In    small  mammillary 
forms;  greenish  yellow.     Honduras. 


Ohalcomenite.     Hydrous  cupric  selenite.  CuSeOs  +  2HtO.    In  small  blue  monoclinic 
crystals.     From  the  Cerro  de  Cacheuta,  Argentina,  with  silver,  copper  selenides. 

MoLYBDOMENiTB  is  lead  selenite  and  Cobaltomenitb  probably  cobalt  selenite,  from 
the  same  locality  as  chalcomenite. 
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Oxygen  Salts. 

7.    TUNGSTATES,  MOIiTBDATES. 

The  monoclinic  Wolframite  Group  and  the  tetragonal  Scheelite  Group  are 
included  here. 


Wolframite 
Hiibnerite 


WoliVamite  Group. 

(Fe,Mn)WO,         a -.1:6  =  0-8300  :  1  :  08678 
MnWO,  0-8362  :  1  :  0*8668 


ft  =  89**  22' 
89°  1\' 


WOLFRAMrm.    Wolfram. 
Monoclinic.    Axes:  d  :  i  :  (5  =  0  8300  :  1  :  0-8678;  ft  =  89°  22'. 


980. 


X2A 


mm'".  110  A  110  =  79'  28'.       ay'.  100  a  102  =  62**  54'. 
at,        100  A  102  =  er  54'.        ff\  Oil  a  Oil  =  81"  54'. 

Twins:  (1)  tw.  axis  i  with  a  as  comp.-face;  (2)  tw. 

fl.  k  (023),  Fig.  419,  p.  130.  Crystals  commonly  tabular 
a;  also  prismatic.  Faces  in  prismatic  zone  vertically 
striated.  Often  bladed,  lamellar,  coarse  divergent 
columnar,  granular. 

Cleavage  :  b  very  perfect;  also  parting  |  a,  and 
I  ^  (102).  Fracture  uneven.  Brittle.  H.  =  5-5-5. 
G.  =  7-2-7'5.  Luster  submetallic.  Color  dark  grayish 
or  brownish  black.  Streak  nearly  black.  Opaque. 
Sometimes  weakly  magnetic. 

Comp.,  Var.— Tungstate  of  iron  and  manganese  (Fe,Mn)WO^.Fe  :  Mn  = 
chiefly  4  :  1  (FeO  18-9,  MnO  4-7  p.  c.)  and  2  :  3  (FeO  95,  MnO  14-0). 

Pyr.,  etc.— Fuses  B.B.  easily  (F.  =  2*5-3)  to  a  globule,  which  has  a  crystalllDe  surface 
and  is  magnetic.  With  salt  of  phosphorus  gives  a  clear  reddish  yellow  glass  while  hot. 
which  is  paler  on  cooling;  in  H.F.  becomes  dark  red;  on  charcoal  with  tin,  if  not  too 
saturated,  the  bead  assumes  on  coolinii^  a  green  color,  which  continued  treatment  in  R  F. 
changes  to  reddish  yellow.  With  soda  and  niter  on  platinum  foil  fuses  to  a  bluish  green 
maneanate.  Decomposed  by  aqua  regia  with  separation  of  tungstic  acid  as  a  yellow 
powder.  Sufficiently  decomposed  by  concentrated  sulphuric  acid,  or  even  hydrochloric 
acid,  to  give  a  colorless  solution,  which,  treated  with  metallic  zinc,  becomes  intensely  blue, 
but  soon  bleaches  on  dilution. 

Obs.— Wolframite  is  often  associated  with  tin  ores;  also  in  quartz,  with  native  bismuth, 
«chee1ite,  pyrite,  galena,  sphalerite,  etc.  In  fine  crystals  at  Schlnckenwald,  Zinuwald; 
fichneeberg,  Freiberg,  Altenberg;  at  Nerchinsk,  Siberia:  Chanteloup,  near  Limoges, 
France;  near  Redruth  and  elsewhere  in  Cornwall  with  tin  ores.  In  8.  America,  at  Oniro 
in  Bolivia     With  tin  stone  at  various  points  in  New  South  Wales. 

In  the  U.  States  at  Lane's  mine.  Monroe.  Conn.;  Flowe  mine,  Mecklenburg  Co.,  N.  C, 
with  scheelite;  in  Missouri,  near  Mine  la  Motte. 

Hiibnerita.  Near  wolframite,  but  containinfir  20  to  25  p.  c.  MnO.  Usually  in  bladcd 
forms,  rarely  in  distinct  terminated  crystals.    Color  brownish  red  to  hair-brown  to  nearly 
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bliMsk.  Siremk  yellowish  bfx>wn.  greenish  gnj.  Often  translucent.  MammoCb  dlst; 
XeTiMU;  Oanj  County.  Col.;  ne&r  SilTertoo,  ban  Jiian  Co.;  Black  Hills,  S.  Dakota,  etc 
Also  in  Peru,  and  in  rbodochrosiie  at  Adenrielle  in  the  Pyrenees. 


Seheelita 
Cuprotimgftita 

Capro8cheelit6 
Powellite 
Stolzita 
Wnlfenita 


Sclieellte  Groap.  Tetragonal-pyramidaL 

CaWO.  pf/  (111  A  111)  =  79°  55f 

Co  WO. 

(Ca,Cu)WO. 

Ca(Mo,W)0,  80^    1' 

PbWO.  80°  15' 

PbMoO.  80°  22' 


i  =  1-5360 


i 
i 
i 


1-5445 
1-5667 
1-5771 


The  ScHEELiTE  Group  iaclades  the  tongstates  and  molybdates  of  calcium 
and  lead ;  also  copper.  In  crystallization  they  belong  to  the  Pyramidal  Gronp 
of  the  Tetragonal  system.     Wulfenite  is  probably  hemimorpbic 


Tetragonal-pjramidaL     Axis  6  =  1*5356. 

e^,  101  A  Oil  =  72*  40i'. 
ee,  001  A  101  =  56'  5^. 


981 


982. 


pp'.  Ill  A  ill 

ep,    001  A  ill 
983. 


;r  55J'. 

65*  l^'. 


984. 


985. 


Forms:     o  (102).     «(101).     /?(113),    p  (HI).     *  (515).     A  (813).     «,  (181). 

Twins:  (1)  tw.  pi.  a,  both  contact-  and  penetration-twins  (Fig.  378, 
p.  125).  Habit  octahedral,  also  tabular.  Symmetry  shown  by  faces  k.  A,  s 
(Fig.  983).     Also  reniform  with  columnar  structure;  massive  granular. 

Cleavage:  p  (111)  most  distinct;  e  (101)  interrupted.  Fracture  uneTen. 
Brittle.  H.  =  4*5-5.  G.  =  5*9-6'l.  Luster  vitreous,  inclining  to  adamantine. 
Color  white,  yellowish  white,  pale  yellow,  brownish,  greenish,  reddish.  Streak 
white.  Transparent  to  translucent.  Optically  +.  Indices:  g?p  =  1*918. 
c^  =  I  934. 

Comp. — Calcium  tungstate,  CaWO.  =  Tungsten  trioxide  806.  lime  19*4 
=  100. 

Molybdenum  is  usually  present  (to  8  p.  c  ).  Copper  may  replace  calcium,  see  capro- 
wheelite. 

Pyr.,  etc. — B.B.  in  the  forceps  fuses  at  5  to  a  semi-transparent  glass.  Bolnble  with 
borax  to  a  transparent  glass,  which  afterward  becomes  opaque  and  crjrstalHne.  With  salt 
of  ptiosphorus  forms  a  firlnss.  colorless  in  outer  flame,  in  inner  green  when  hot,  and  fine 
blue  when  cold  ;  varieties  containing  iron  require  to  be  treated  on  charcoal  with  tin  before 
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the  blue  color  appears.  Id  hydrochloric  or  dUHc  acid  decomposed,  lenving  a  yellow 
powder  soluble  in  ammouia. 

Obs. — Scbeelite  is  usually  associated  with  crystalline  rocks,  aod  is  commonly  found  in 
couuection  with  (russiierite,  topaz,  fluorite,  apatite,  molybdenite,  or  wolfnmiite,  in  quartz; 
also  associated  with  gold.  Thus  at  Schlackenwald  and  Ziuuwald.  Bohemia:  AUenber^, 
Saxony;  Hiesengrund  in  the  Riesengebirge;  the  Knappeuwand  in  the  Uutersulzbnrhthai, 
Tyrol;  Carrock  Fells  in  Cumberland;  Traversella  in  Pieciinont;  Meymnc,  Correze.  France 
(c-ouiuiuing  TuaOft);  Sweden;  Piikftranta  in  Finland.  In  Mew  South  Wales,  at  Adeloug, 
from  a  gold  mine;  Mew  Zealand,  massive;  Mt.  Hamsay,  Tasmania,  with  cas&iteiite. 

In  the  U.  States,  at  Lane's  Mine.  Monroe,  and  at  Trumbull:  Flowe  mine.  Mecklenburg 
Co.,  N.  Carolina;  the  Mammoth  mining  district,  Nevada;  with  trold  at  ilic  Charily  mine. 
Warrens,  Idaho;  Lake  Co.,  Colorado.  In  quartz  veins  in  Risborough  and  Marlow, 
Beauce  county,  Quebec. 

OuprotuDgstite.  Cupric  tungstate,  CuWOi  From  the  copper  mines  of  Llamuco.  near 
Santiago,  Chili.  Cupkohcuekijte,  from  the  vicinity  of  La  Paz,  Lower  California,  is 
(Ca,Cn)W04,  with  6«  p.  c.  CuO;  color  green. 

Powellite.  Calcium  molybdate  with  calcium  tungstate  (10  p.  c.  W0»),  Ca(Mo,W)04. 
In  minute  yellow  tetragonal  pyramids.  G.  =  4'84U.  From  western  Idaho;  Houghton 
Co..  Mich. 

Stolzite.  Lead  tungstate,  PbWOi.  In  pyramidal  tetragonal  crystals.  H.  =  2*75-8. 
G.  =  7'87-813.     Color  green  to  gray  or  brown.     Zinnwald. 

Raspite.  Has  the  same  couiposiiion  as  stolzite,  but  is  referred  to  the  monoclinic 
system.  In  small  tabular  crystals.  Color  brownish  yellow.  From  the  Broken  Hill  mines. 
New  South  Wales. 


WULFENTTB.     Gelbbleierz,  Molybdftnbleispath,  Orm. 
Tetragonal-pyramidal;  hemimorphic.     Axis  6  =  1*5771. 


986. 


988. 


989. 


987. 


eti.,  001  A  102 
ce,  001  A  101 
en,    001  A  111 


88"  15'. 
57''  37'. 
65''  51'. 


uu\  102  A  012  =  51"  56'. 
€•,  101  A  Oil  =73"  20'. 
nn\  ill  A  ill  =80"  22'. 


Crystals  commonly  square  tabular,  sometimes  extremely  thin;  less  fre- 
quently octahedral;  also  prismatic.  Hemiraorphism  sometimes  distinct. 
Also  granularly  massive,  coarse  or  fine,  firmly  cohesive. 

Cleavajsre:  n  (111)  very  smooth;  c,  8  (113)  less  distinct.  Fracture  subcon- 
choidal.  Brittle.  H.  ='2-75-3.  G.  =  6-7-7*0.  Luster  resinous  or  adaman- 
tine. Color  wax-  to  orange-yellow,  siskin-  and  olive-green,  yellowish  gray, 
grayish  white  to  nearly  colorless,  brown;  also  orange  to  bright  red.  Streak 
white.  Subtransparent  to  subtranslucent.  Optically  negative.  Indices: 
00,  -  2-402,  6r  =  2-304. 

Comp.— Lead  molybdate,  PbMoO^  =  Molybdenum  trioxide  39*3,  lead  oxide 
60*7  =  100.     Calcium  sometimes  replacea  the  lead. 
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Pyr.,  etc. — B.B.  decrepitates  and  fuses  below  2.  Wiib  salt  of  phosphorus  in  O.F.  gives 
a  yellowish -ereen  glass,  which  in  R.F.  becomes  dark  green.  With  ^oda  on  charcoal  jrlelds 
metallic  leiul.  Decomposed  ou  evaporation  with  hydrochloric  acid,  with  the  formation  of 
lead  chloride  and  molybdic  oxide:  ou  moistenius^  the  residue  with  water  and  adding 
metallic  zinc,  it  gives  an  intense  blue  color,  which  does  not  fade  ou  dilution  of  the  liquid. 

Obs.— Occurs  in  veins  with  other  ores  of  lead.  At  Bleibcrg,  Carinthia;  Rezbanya, 
Hungary;  Pribram;  Moldawa  in  the  Banat;  Annaberg,  Schneeberg.  eic. 

In  the  U.  States,  sparingly  at  the  Southampton  lead  mine,  Mass.,  and  near  Sing  Sing» 
N.  Y.;  near  Pheuixville,  Pa.;  at  the  Comstock  lode  in  Nevada;  in  large  thin  orange-yellow 
tables  at  the  Tecomah  mine,  Utah.  In  New  Mexico,  pale  yellow  crystals  in  the  Organ 
Mts.  In  Arizona,  large  deep  red  crystals  at  the  Hamburg  and  other  mines,  Yuma  Co., 
often  with  red  vanadiuite;  also  at  the  Castle  Dome  district,  80  miles  distant;  at  the  Mam- 
moth gold  mine  near  Oracle.  Pinal  Co.,  with  vanadinite  and  descloizite. 

Named  after  the  Austrian  mineralogist  WQlfen  (172S-1805). 


Reinita.    Ferrous  tungstate,  FeW04.     In  blackish -brown  tetragonal  pyramids,  perhaps 
pseudomorphous.     H.  =  I.     G.  =  6*64.     Kimbosan,  Japan. 

Belonesite.    Perhaps  MgMoOi.     In  minute  acicular  crystals  at  Vesuvius. 


Vn.    SAIiTS  OF  OROANIO  AOIDS. 
Oxalates,  Mellates. 

Whewellite.  Calcium  oxalate,  CaCtOi  +  HtO.  In  small  colorless  monoclinic  crys- 
tals.    From  Saxony,  with  coal. 

Ozammite.  Ammonium  oxalate,  (NH4)9Cs04  -f  2HsO.  From  the  guano  of  the 
Guafiape  Islands,  Peru. 

Hnmboldtine.  Hydrous  ferrous  oxalate,  2FeCt04  -f  8H«0.  Color  yellow.  From 
near  Bilin,  Bohemia. 

Mellite.  Hydrous  aluminium  mellate,  AltCisOn  -f  18HtO.  In  square  pyramids;  also 
massive,  granular.  G.  =  1*55-1*65.  Color  honey-yellow.  Occurs  in  brown*  coal  in  Thu- 
riugia,  Bohemia,  etc. 
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Vm.    HTDROOARBON  OOBEFOUNDS. 

The  Hydrocarbon  compouDds  in  general,  with  few  exceptions,  are  not  homogeneouf 
tubitanees,  but  mixtures,  which  by  the  action  of  solyents  or  by  fractional  distillation  may 
be  separated  into  two  or  more  component  parts.  They  are  hence  not  definite  mineral  spe- 
cies and  do  not  strictly  belong  to  pure  Mineralogy,  rather,  with  the  recent  gums  and  resius, 
to  Chemistry  or,  so  far  as  they  are  of  practical  value,  to  Economic  Geology.  lu  the  follow- 
ing pages  they  are  treated  for  the  most  part  with  great  brevity. 


I 


1.  Simple  Hydrocarbons.  Chiefly  members  of  the  Paraffin  Series  0,,He,i  ^^ 

80HEKKBRITB.  In  whitish  monocliuic  crystals.  Perhaps  a  polymer  of  marsh-gas 
(CH«).     Found  in  brown  coal  at  Uznach.  Switzerland. 

Hatchkttite.  Mountain  Tallow.  In  thin  plates,  or  massive.  Like  soft  wax.  Color 
ellowish.  Itatio  of  C  to  U  =  nearly  1  :  1.  From  the  Coal-measures  near  Merthyr-Tydvil 
n  Glamorganshire,  England. 

Paraffin.  A  native  crystallized  paraffin  has  been  described  as  occurring  in  cavities 
in  basaltic  lava  near  Pateruo,  Sicily. 

OzocERiTB  Minenil  wax  pt.  Like  wax  or  spermaceti  in  appearance  and  consistency. 
Colorless  to  white  when  pure;  often  leek-grecu,  yellowish,  brownish  yellow,  brown. 
Esseniinlly  a  paraffin,  and  consisting  chiefly  of  one  of  the  hieher  members  of  the  series. 
Occurs  in  beds  of  coal,  or  associated  oituminous  deposits,  as  at  Slanik,  Moldavia;  Boryslaw 
iu  the  Carpathians.     Al^io  occurs  in  southern  Utah  on  a  large  scale. 

ZittritikiU,  ChrUmaiite,  Urpethite  are  near  ozocerite. 

FiCHTBLiTB.  Ill  white  mou<iclinic  tabular  crystals.  Perhaps  CtH«.  Occurs  in  thia 
layers  of  pine  wood  from  peat-beds  near  Redwitz,  in  the  Fichtelgebirge,  Bavaria. 
Hartite  has  a  similar  occurrence. 

Napalitb.  a  yellow  bituminous  substance  of  the  consistency  of  shoemaker's  wax. 
CsHf.    From  the  rhoenix  mercury  mine  in  Pope  Valley,  Napa  county,  California. 


2.  Oxygenated  Hydrocarbons. 

Amber.  Bernstein,  Oerm,  Iu  irregular  masses,  with  conchoidal  fracture.  H.  =  2-2*5. 
G.  =  1*096.  Luster  resinous.  Color  yellow,  sometimes  reddish,  brownish,  and  whitish, 
often  clouded,  sometimes  fluorescent.  Transparent  to  translucent.  Heated  to  160**  begins 
to  soften,  and  finally  melts  at  250*-^00^     Ratio  for  C.  H,  O  =  40  :  64  :  4. 

Part  of  the  so-called  amber  is  separated  mineralogically  as  $uceinits  (yielding  succinic 
acid).  Other  related  fossil  resius  from  many  other  regions  (e.  g  ,  the  Atlantic  coast  of  the 
United  States)  have  been  noted.  Some  of  them  have  been  called  retiniU,  gedaniU,  gUsHte, 
rumdniU,  simelUe,  krantzUe,  ehemamnite,  etc. 

Amber  occurs  abundantly  on  the  Prussian  coast  of  the  Baltic  from  Dnntziff  to  Memel : 
also  on  the  coasts  of  Denmark,  Sweden,  and  the  Russian  Baltic  provinces.  It  is  mined 
extensively,  and  is  also  found  on  the  shores  cast  up  by  the  waves  after  a  heavy  storm. 
Amber  and  the  similar  fossil  resius  are  of  vegetable  origin,  altered  by  fossilization  ;  this  is 
inferred  both  from  its  native  situation  with  coal,  or  fossil  wood,  and  from  the  occurrence  of 
iusects  incased  in  it.  Amber  was  early  known  to  the  ancients,  and  called  ^XeKrpor, 
electrum.  whence,  on  account  of  its  electrical  susceptibilities,  has  been  derived  the  word 
eUciricUy, 

CoPALiTB,  or  High  gate  resin,  is  from  the  London  blue  clay.  It  is  like  the  resin  copal  in 
hardness,  color,  luster,  transparency,  and  difficult  solubility  in  alcohol.  Color  clear  pale 
yellow  to  dirty  gray  and  dirty  brown.     Emits  a  resinous  aromatic  odor  when  broken. 

The  following  are  oxygenated  hydrocarbons  occurring  with  coal  and  peat  deposits,  etc.: 

Bathyillitb.  Occurs  in  dull,  brown,  porous  lumps  in  the  torbanite  or  Boghead  coal 
(of  the  Carboniferous  formation)  adjoining  the  lands  of  Torbane  Hill,  Bathville,  Scotland. 
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It  may  be  an  altered  resio,  or  else  material  which  has  filtrated  ioto  the  cayitj  from  the 
surroundiag  torbaDite. 

Tasmanite.  Iq  minute  reddish  brown  scales  disseminated  through  a  laminated  shale ; 
average  diameter  of  scales  about  003  in.  Not  dissolved  at  all  by  alcohol,  ether,  benzene, 
turpentine,  or  carbon  disulphide,  even  when  healed.  Ueniarkable  as  yielding  5  3  p.  c. 
sulphur.     From  the  river  Mersey,  north  side  of  Tasmania  ;  the  rock  is  called  eombitsttbU 

Dtbodilb.  In  very  thin  folia,  flexible,  slightly  elastic ;  yellow  or  g^-eenish  frniy. 
Analysis  gave  2*3  p.  c.  sulphur  and  1*7  p.  c.  nitrogen.  From  ligiiiie  deposiu;  at  Melili, 
Sicily,  and  elsewhere. 

Geockritb.  a  white,  wax-like  substance,  separated  from  the  brown  coal  of  Gesterwitz, 
Dear  Weisseufels.     OeomyrieiU  and  geocereUite  are  other  pioducts  from  ihe  same  source. 

Leucopetritb.  Also  from  the  Gesterwitz  brown  coal.  Between  a  resin  and  wax  in 
physical  characters. 

Pyroretinitu.     From  brown  coal  near  Aussig,  Bohemia. 

DoppLEKiTE.  In  elastic  or  partly  jelly-like  nmsses;  brownish  black.  An  ncid  sub- 
stance, or  mixture  of  different  acids,  related  to  humic  acid.  liatio  for  C.  H,  O,  nearly 
10  :  12  :  5.     From  \yei\i  beds  near  Aussee  in  Styria,  etc. 

Idrialite.  Occurs  with  the  cinnabar  of  Idria.  In  the  pure  state  white  and  crystalline 
in  structure.  In  nature  found  only  impure,  being  mixed  with  cinnabar,  ciny,  and  some 
pyrite  and  gypsum  in  a  brownish  black  earthy  material,  called,  from  its  combustibility 
and  the  presence  of  mercury,  inflammable  cinnabar  (Queckstlberbranderz), 

PoBEFNYTE.     Occurs  in  hard,  brittle  plates  or  nodules,  light  green  in  color.     From  the 
Great  Western  mercury  mine,  Lake  Co.,  California.    See  also  napalite,  p.  543. 


The  following  are  still  more  complex  native  hydrocarbon  compounds  of  great  importance 
from  an  economic  standpoint. 

Petroleom.  Naphtha;  Petroleum.  Mineral  oil.  Kerosene.  Erd6l,  Berg($l,  Stein5l, 
Oerm. 

PiTTASPHALT:    Maltha.     Mineral  Tar.     Bergtheer  Oeitn. 

Liquids  or  oils,  in  the  crude  state  of  disagreeable  odor;  varying  widely  in  color,  from 
colorless  to  dark  yellow  or  brown  and  nearly  black,  the  greenish-brown  color  the  most 
common:  also  in  consistency  from  thin  flowing  kinds  to  those  that  are  thick  and  viscous; 
and  in  specitic  gravity  from  0'6  to  09.  Petroleum.  pro|)er,  pnsses  by  inbcnsible  gradations 
ill  io  pittagph  alt  or  maltha  (viscid  bitumen);  and  the  latter  as  insensibly  into  ofp/^a/^  or  solid 
bitumen. 

Chemicall}'.  petroleum  consists  for  the  most  part  of  membei-s  of  the  paraffin  series, 
<^'rtHa„-|.i,  varying  from  mirsh  mis,  CH«,  to  the  solid  forms.  The  olelines.  CnHsn>  are 
also  present  in  smaller  amount.  This  is  especially  true  of  the  American  oils.  Those  of  the 
OanoaHus  have  a  higher  density,  the  volatile  constituents  are  less  prominent,  they  distill  at 
about  150**  and  contain  the  benzenes,  CnHan-*,  in  considerable  amount.  There  are  present 
also  members  of  the  series  CnHan-R.  The  German  petroleum  is  intermediate  between  the 
American  and  the  Cauoisian.   The  Canadian  petroleum  isespecially  rich  in  the  solid  paraffins. 

Petroleum  occurs  in  rocks  or  deposits  of  nearly  all  geological  ages,  from  the  Lower 
Silurian  to  the  present  epoch.  It  is  associated  most  abundantly  with  argillaceous  shales, 
sands,  and  sandstones,  but  is  found  also  permeating  limestones,  glviiig  them  a  bUuminous 
odor,  and  rendering  them  sometimes  a  con.<>iderable  source  of  oil.  From  these  oleiferous 
shales,  sands  and  limestones  the  oil  often  exudes,  and  appears  floating  on  the  streams  or 
lakes  of  the  region,  or  lises  in  oil  springs.  It  also  exists  collected  in  subterranean  cavities 
in  certain  rocks,  whence  it  issues  in  jets  or  fountidus  whenever  an  outlet  is  made  by  boring. 
The  oil  which  fills  the  cavities  has  ordinarily  been  derived  from  the  subjacent  rocks;  for 
the  strata  in  which  the  cavities  exist  are  frequently  barren  sandstones.  The  conditions 
required  for  the  production  of  such  subterranean  accumulations  would  be  therefore  a  bitu- 
minous oil  bearing  or  else  oil-producing  stratum  at  a  greater  or  less  depth  below;  cavities 
to  receive  the  oil;  an  overlying  stratum  of  close-grained  shale  or  limestone,  not  allowing  of 
the  easy  escape  of  the  naphtha  vapors 

The  two  regions  which  now  furnish  the  chief  part  of  the  petroleum  are,  flrat  in  import- 
ance, western  Pennsylvania,  with  paru  of  New  York  and  Ohio,  and,  second,  the  Baku 
region  on  the  Caspian  Sea,  at  the  eastern  end  of  the  Caucasus.    The  oil  has  been  known  to 
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exist  at  the  latter  locality  since  early  times,  but  ouly  siuce  1876 has  its  ecouomic  importance 
been  recognized.  Petroleum  is  also  obtained  iu  this  country  in  West  Virginia;  near  Cafion 
City,  Colorado;  and  iu  California,  especially  iu  Los  Angeles,  Ventura  and  Santa  Cruz 
counties.  Numerous  localities  ^here  it  occurs  iu  limited  amount  have  been  noted  in  other 
States.  In  Canada,  oil  is  produced  in  Lumbton  county,  Ontario.  Other  oil-producing 
regions  are  found  iu  Burma,  Japan,iNew  Zealand,  etc. 

Asphaltnm,  Mineral  Pitch.  Asphalt,  Bergpecb,  £rdpech.  Germ, 
Asphaltum,  or  mineral  pitch,  is  a  mixture  of  different  hydrocarbons,  part  of  which  are 
oxygenated.  Its  ordinary  characters  are  as  follows:  Amorphous.  O.  =  1-1*8;  some- 
times  higher  from  impurities.  Luster  like  that  of  black  pitch.  Color  brownisli  black 
and  black.  Odor  bituminous.  Melts  ordinarily  at  90*  to  100*".  and  burns  with  a  bright 
flame.  Soluble  mostly  or  wholly  iu  oil  of  turpentine,  and  partly  or  wholly  in  ether;  com- 
monly partly  in  alcohol.  The  more  solid  kinds  graduate  Into  the  pittasphalts  or  mineral 
tar,  and  through  these  there  is  a  gradation  to  petroleum.  The  fluid  kinds  change  into  the 
solid  by  the  loss  of  a  vaporizable  portion  on  exposure,  and  also  by  a  process  of  oxidation, 
which  consists  first  in  a  loss  of  hydrogen,  and  finally  in  the  oxygenation  of  a  portion  of  the 
mass.  The  action  of  heat,  alcohol,  ether,  naphtha  and  oil  of  turpentine,  as  well  as  direct 
analyses,  show  that  the  so-called  asphaltum  from  different  localities  is  very  various  in  com- 
position. 

Asphaltum  belongs  to  rocks  of  no  particular  age.  The  most  abundant  deposits  are 
superficial.  But  these  are  generally,  if  not  always,  connected  with  rock  deposits  contain- 
ing some  kind  of  bituminous  material  or  vegetable  remains.  Some  of  the  noted  localities 
of  asphaltum  are  the  region  of  the  Dead  Sua,  or  Lake  Asphaltites,  whence  the  most  of  the 
aspb^iltum  of  ancient  writers;  a  lake  on  Trinidad,  1^  m.  in  circuit,  which  is  hot  at  the 
center,  but  is  solid  and  cold  toward  tlie  shores,  and  has  its  borders  over  a  breadth  of  f  m. 
covered  with  the  hardened  pilch  with  trees  flourishing  over  it;  at  various  places  in  South 
America;  in  California,  near  the  coast  of  St.  Barbara;  also  in  smaller  quantities,  elsewhere. 

Elatbrits.  Elastic  Bitumen.  Mineral  Caoutchouc.  Soft,  elastic,  sometimes  much 
like  india-rubber;  occasionally  hard  and  brittle.  Color  usually  dark  brown.  Found  at 
Castletou  in  Derbyshire,  and  elsewhere. 

Albbrtitb.  Differs  from  ordinary  asphaltum  in  being  only  partially  soluble  in 
oil  of  tur)ientine,  and  in  its  very  imperfect  fusion  when  heated.  H.=  1-2.  G.  =  1097. 
Luster  brilliant,  pitch-like;  color  jet-black.  Occura  filling  an  irregubir  fissure  in  rocka  of 
the  Lower  Carboniferous  in  Nova  bcotia. 

Gbahamitb.  Resembles  alliertile  iu  its  pitch-black,  lustrous  appearance.  H.  =2.  G.= 
1*145.  Soluble  mostly  in  oil  of  turpentine;  partly  in  ether,  nnpluha  or  benzene;  not  at  all 
in  alcohol;  wholly  in  chloroform  and  carbon  disulphide.  Melts  only  imperfectly,  and  with 
a  decomposition  of  the  surface.  Occurs  in  W.  Virginia,  about  20  m.  S.  of  Parkersburg, 
filling  a  fissure  in  a  Carboniferous  sandstone.       * 

GiL80NiTB,a)so  called  UintahiU  or  Uintaite.  A  variety  of  asphalt  from  near  Ft.  Duchesne, 
Utah,  which  has  found  many  applications  in  the  arts.  Occurs  in  masses  several  inches  in 
diameter,  with  conchoidal  fmcture;  very  brittle.  H.  =  2-25;  G.  =  1065-1  070.  Color  black, 
brilliant  and  lustrous;  streak  and  powder  a  rich  brown.  Fuses  easily  in  the  fiame  of  a 
candle  and  burns  with  a  brilliant  flame,  much  like  sealing-wax.  Named  after  Mr.  S.  H. 
Gilson  of  Salt  Lake  City. 

Mineral  Goal.  Compact  massive,  without  crvstalline  structure  or  cleavage:  sometimes 
breaking  with  a  degree  of  regulariiv.  but  from  a  jointed  nither  than  a  cleavage  structure. 
Sometimes  laminated;  often  ftdntly  and  delicately  banded,  successive  layers  differing 
slightlv  in  luster.  Fracture  conchoidal  to  uneven.  Brittle:  rarely  somewhat  sectile. 
H.  =  0-5-2*5.  G.  =  1-1  80.  Luster  dull  to  brilliant,  and  either  earthy,  resinous  or  sub- 
metallic.  Color  black,  gmyish  black,  brownish  black,  and  occasionally  iridescent;  also 
sometimes  dark  brown.  Opiuiue.  Infusible  to  subfusible;  but  often  becoming  a  soft, 
pliant  or  paste  like  mass  when  heated.  On  distillation  most  kinds  afford  more  or  less  of 
oily  and  tarry  substances,  which  arc  mixtures  of  hydrocarbons  and  paraffin. 

The  varieties  recognized  depend  partly  (1)  on  tlie  amount  of  the  volatile  ingredients 
afforded  on  destructive  distillatitm;  or  (2)  on  the  nature  of  these  volatile  compounds,  for 
ingredients  of  similar  composition  may  differ  widely  in  volatility,  etc.;  (3)  on  structure, 
luster  and  other  physical  characters. 

Coid  is  in  general  tlie  result  of  the  gradual  chanso  which  has  taken  place  in  geological 
history  in  organic  deposits,  chiefly  vegetable,  and  its  form  and  composition  depend  upon 
the  extent  to  which  this  change  has  gone  on.  Thus  it  passes  from  forms  which  still  retain 
the  original  structure  of  the  wood  (peat,  lignite)  and  through  those  with  less  of  volatile  or 
bituminous  matter  to  anthracite  and  further  to  kinds  which  approach  graphite. 
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1.  Anthracite.  Glmizkohle  Oerm.  H.  =  2-2*5.  G.  =  1 -32-1 -7.  Luster  bright, 
often  subiiietullic,  irou-bluck,  uuil  frequently  iridescent.  Fracture  concboidal.  Volatile 
matter  after  drying  3-6  p.  c.  Burns  with  u  leeble  tlame  of  a  pale  color.  The  authracites 
of  Peuusylvuuia  contain  ordinarily  85-93  per  cent,  of  carbon;  those  of  South  Wales,  88-95; 
of  Fruuce,  80-83;  of  Suxony,  81;  of  southern  Russia,  sometimes  94  per  cent.  Anthracite 
graduutes  through  senii-anihruciie  into  bituminous  coal,  becoming  less  hard  and  contaioing 
more  volatile  unitter;  and  an  iutermediiiie  variety  is  i^Wed  free-burning  anthracite. 

2.  Bituminous  Coal  Burns  in  the  fire  with  a  yellow,  smoky  tlame,  and  gives  out  on 
distilluiiou  hydrucurbon  oils  or  tur;  hence  the  name  ^7um»7u^eM.  The  (?rdinar:y  bituminous 
coals  cont:dn  from  5-15  p.  c.  (rarely  16  or  17)  of  oxygen  (ash  excluded);  while  the  so-called 
brown  coal  ox  lignite  contains  from  20-36  p.  c,  after  the  expulsion,  at  100**,  of  15-86  p.  c.  of 
water.  The  amount  of  hydrogen  in  each  is  from  4-7  p.  c.  Both  have  usually  a  bright, 
pitchy,  greasy  luster,  a  tirm  compact  texture,  are  rather  frugile  compared  with  anthracite, 
and  have  Ci.  =  ri4-r40.  The  brown  coals  have  often  a  brownish-black  color,  whence  the 
name,  and  more  oxygen,  but  in  these  respects  and  others  they  shade  into  ordinary  bitumin- 
ous coals.  The  ordinary  bituminous  coal  of  Pennsylvania  has  G.  =  1*26-1  37;  of  Newcas- 
tle. England,  127;  of  Scotland.  127-132;  of  France,  1-2-1  33;  of  Belgium.  1  27-1  8.  The 
most  prominent  kinds  are  the  following  : 

{a)  Caking  or  Coking  Coal.  A  bituminous  coal  which  softens  and  becomes  pasty  or  semi- 
vi8ci(i  in  the  Hre.  This  softening  takes  place  at  the  temperature  of  incipient  decomposition, 
and  is  attended  with  the  escape  of  bubbles  of  gas.  On  increasing  the  heat,  the  volatile 
products  which  result  from  the  ultimate  decomposition  of  the  softened  mass  are  driven  off. 
and  a  coherent,  grayish -black,  cellular  or  fritted  mass  (coke)  is  left.  Amount  of  coke  left 
(or  part  not  volatile)  varies  from  50-85  p.  c. 

{b)  Non-  Caking  Coal.  Like  the  preceding  in  all  external  characters,  and  often  in  ulti- 
mate composition;  but  burning  freely  without  softening  or  any  appearance  of  incipient 
fusion.     There  are  all  gradations  between  caking  and  non-caking  bituminous  coals. 

{c)  Cannel  Coal  (Parrot  Coal).  A  variety  of  bituminous  coal,  and  often  caking;  but 
differing  from  the  preceding  in  texture,  and  to  some  extent  in  composition,  as  shown  by  its 
products  on  distillation.  It  is  compact,  with  little  or  no  luster,  and  without  any  appearance 
of  a  banded  structure;  and  it  breaks  with  a  concboidal  fracture  and  smooth  surface;  color 
dull  black  or  grayish  black.  On  distillation  it  affords,  after  drying,  40  to  66  p.  c.  of  vola- 
tile mutter,  and  the  material  volatilized  includes  a  large  pioporlion  of  burning  and  lubri- 
cating oils,  much  larger  than  the  above  kinds  of  bituminous  coal;  whence  it  is  extensively 
used  for  the  manufacture  of  such  oils.  It  graduates  into  oil-producing  coaly  shales,  the 
more  compact  of  which  it  much  resembles.  IWbajiite  is  a  variety  of  cannel, coal  of  a  dark 
brown  color,  from  Torbane  Hill,  near  Bathgate,  Scotland;  also  called  Boghead  Cannel. 

{d)  Brown  Coal  (Bruunkolile  Germ.,  Lignite).  The,  prominent  characteristics  of  brown 
.  coal  have  already  been  mentioned.  They  are  non  caking,  but  afford  a  large  proportion  of 
vohitile  matter;  sometimes  pitch  black,  but  often  rather  dull  and  brownish  black.  G.  = 
115-1 '3.  Brown  coal  is  often  called  lignitf.  But  this  term  is  sometimes  restricted  to 
masses  of  coal  which  still  retain  the  form  of  the  original  wood.  Jet  is  a  black  variety  of 
brown  coal,  compact  in  texture,  and  taking  a  good  polish,  whence  its  use  in  jewelry. 

Coal  occurs  in  beds,  interst ratified  with  shales,  sandstones,  and  conglomerates,  and 
somethnes  limestones,  forming  distinct  layers,  which  vary  from  a  fraction  of  an  inch  to  SO 
feet  or  more  in  thickness.  In  the  United  States,  the  anthracites  occur  east  of  the  Alleghany 
range,  in  rocks  that  have  undergone  great  contortions  and  fracturings.  while  the  bitumin- 
ous coals  are  found  extensively  in  many  States  farther  west,  in  rocks  that  have  been  less 
disturbed;  and  this  fact  and  other  observations  have  led  geologists  to  the  view  that  tlie 
anthracites  have  lost  their  bitumen  l)y  the  action  of  heat.  The  origin  of  coal  is  mainly  veg- 
etable, though  animal  life  has  contributed  somewhat  to  the  result.  The  beds  were  once  beds  of 
vegrtation,  analogous,  in  most  respects,  in  mode  of  formation  to  the  t>eat  beds  of  modern 
times,  yet  in  mode  of  burial  often  of  a  v<  ry  different  character.  This  vegetable  origin  is 
proved  not  only  by  the  occurrence  of  the  leaves,  stems  and  logs  of  plants  in  the  coal,  but 
also  by  the  presence  throughout  its  texture,  in  many  cases,  of  the  forms  of  the  original 
fibers;  also  l)y  the  direct  observation  that  peat  is  a  transition  state  between  unaltered  veg^ 
table  debris  and  brown  coal,  being  sometimes  found  passing  completely  into  true  brown 
coal.  Peat  differs  from  true  coal  in  want  of  homogeneity,  it  visibly  containing  vegetable 
'fibers  only  partially  altered;  and  wherever  chan<u:ed  to  a  tine-textured  homogeneous  mate> 
rial,  even  though  hardly  consojidated,  it  may  be  true  brown  coal. 

For  an  account  of  the  chief  coal  fields,  asal  oof  the  geological  relations  of  the  different 
coal  deposits,  reference  is  made  to  works  on  Economic  Geology. 


APPENDIX    A. 

ON  THE  DRAWING  OF  CRYSTAL  FIGURES  AND 

OF  PROJECTIONS. 


Ik  the  representatioD  of  crystals  by  drawings,  tbe  object  may  be  eitber  to  sliow  the  entire 
form  in  perspective  or  logive  simply  a  projection  of  tbe  faces  upon  a  single  plane.  Tbe  first 
of  tbese  cases  is  tbe  more  important,  and  must  be  treated  bere  in  seme  detail.  Two  points 
are  to  be  noted  in  regard  to  it.  In  tbe  tirst  place,  in  tbe  drawings  of  crystals  tlie  point  of 
view  is  supposed  to  be  at  an  infinite  distance,  and  it  follows  from  tbis  that  all  lines  wbicb 
are  parallel  on  tbe  crystal  appear  parallel  in  tbe  drawing. 

In  tbe  second  place,  in  all  ordinary  cases,  it  is  tbe  complete  ideal  crystal  wbicb  is 
represented,  tbat  is,  tbe  crystal  witb  its  full  geometrical  symmetry  as  explained  on  pp.  9  to 
11  (cf.  note  on  p.  11). 

Projection  of  toe  Axes. 

Tbe  projection  of  tbe  axes  of  a  crystal  is  tbe  first  step  preliminary'  to  tbe  drawing  of  tbe 
form  of  tbe  crystal  itself.  Tbe  proiection  of  tbe  axes  in  the  isometric  system,  wbicb  are 
equal  and  intersect  at  rigbt  angles,  is  here  first  given.  Tbe  projection  of  tbe  axes  in  the 
other  systems,  with  tbe  exception  of  tbe  hexagonal,  may  be  obtained  by  varying  tbe  lengths 
of  tbe  projected  Isometric  axes,  and  also,  when  oblique,  their  inclinations,  as  shown  beyond. 

Isometric  System. — When  the  eye  is  directly  in  front  of  a  face  of  a  cube,  neither  the 
sides  nor  top  of  the  crystal  are  visible,  nor  the  faces  tbat  may  989. 

be  situated  on  the  intermediate  edges.  On  turning  the  crys- 
tal a  few  degrees  from  right  to  left  a  side  lateral  face  is 
brought  in  view,  and  by  elevating  the  eye  slightly  tbe  termi- 
nal face  becomes  apparent.  In  the  following  demonstration 
the  angle  of  revolution  is  designated  S,  and  the  nngle  of  tbe 
elevation  of  tbe  eye,  e.  Fig.  989  represents  tbe  normal  posi- 
tion of  the  horizontal  axes,  supposing  tbe  eye  to  be  in  the 
direction  of  t'le  axis  BB;  Bi^  is  seen  as  a  mere  point,  while 
CO  appears  of  its  actual  length.  On  revolving  tbe  whole 
through  a  number  of  degrees  equal  to  BMB'  (S)  the  axes 
have  the  position  exhibited  in  tbe  dotted  lines.  The  projec- 
tion of  the  semiaxis  MB  is  now  lengthened  to  MN,  and  that 
of  tbe  semiaxis  MC  is  shortened  to  MH. 

If  the  eye  be  elevated  (at  any  angle,  e).  the  lines  B'N.  BM, 
and  C'H  will  be  projected  respectively  below  N,  M.  and  H.  and  the  lengths  of  these  pro- 
jections (which  we  may  designate  &'N,  6M,  and  ell)  will  be  directly  proportional  to  tbe 
lengths  of  the  lines  B'N,  BM.  and  C'H. 

It  is  usual  to  adopt  such  a  revolution  and  such  an  elevation  of  the  eye  as  may  be  ex- 
pressed by  a  simple  mtio  between  the  projected  axes.  The  ratio  between  tbe  two  axes, 
MN  :  MH,  as  projected  after  the  revolution,  is  designated  by  1 :  r;  aiici  the  ratio  of  t/^  to 
MN  by  1  :  8.     Suppose  r  to  equal  8  and  s  to  equal  2,  then  proceed  as  follows  : 

Draw  two  lines  AA'.  H'H  (Fig.  990).  intersecting  one  another  at  right  angles.  Make  MH  = 
MH  =b.  Divide  HH'  into  3  (r)  parts,  and  through  tbe  points,  N,  N',  t'»us  deiermiiie«l. 
draw  per|>eu(liculnrs  to  HH'.     On  the  left  band  vertical,  set  off,  below  H',  a  part  H'R. 

equal  to  —b  =  —  H'M;  and  from  U  draw  RM,  and  extend  tbe  same  to  tbe  vertical  N'.  B'B 

8  li 

is  the  projection  of  the  front  horizontal  axis. 

Draw  l^S  parallel  with  MH'  and  connect  8M.  From  the  point  T  in  which  8M  intersects 
BN,  dniw  TC  parallel  with  MH.  A  line  (CC)  drawn  from  C  through  M,  and  extended 
to  tlie  left  vertical,  is  tbe  projection  of  the  side  horizontal  axis. 

Lay  off  on  tbe  right  vertical  a  part  HQ  equal  to  -^  MH,  and  make  MA  =  3IA'  =  MQ; 
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AX'  h  the  venial  ufe. 


^?    „ 

"  "^"""Os 

^ 

ii«iC  r  =  S.  Md  (  =  2.  tkn  i  =  IST  3tr,  tad  e^TST. 
for  cM  d  =  r,  uid  col  «  =  n. 

It  b  dcMialile  U)  go  ibrvugh  ibe  Above  cootinictkM 
wiih  can  to  iiuu[«  mil  ponible  accuncjr.  Hie  an* 
tboa  aliuincd,  sy  i«i<x  the  length  ben  repmcnled. 
miij  be  drmmi  on  a  >ufuble  card  aud  praacrrcd  tor 
fotiiie  !!-'«■  WbeDocr  aMded,  tbej  can  be  Radfljr 
traoaferrtd  to  •  shtvi  of  paper  bj  pricking  ihrouf h 
Uie  lenuiual  aad  cenlni  puiuta.  lu  faich  caM,  belota 
tbe  am  -o  obtaiued  an  used,  tbey  sluiuld  be  toted 
to  make  sure  I  bat  ilie  reaprctiTc  seiuiaiea  ei  ther  tide  of 
tbe  ccDlRil  point  31  are  <  qnaJ. 

Tetragooal  and  OrthtnlioBibic  fljalama — 7^  aio 
AA'.  CC.  BB'.  conitnicted  in  the  mantier  described, 
are  i-qaal  aud  al  rigbl  aiT^le*  to  each  utlier.  Tbe  pro- 
Jeciiou  of  tbe  axra  of  a  leimgiinal  crystal  ia  obiniiied 
by  nrnplr  Injing  off.  with  a  scale  of  proportional 
parts,  nu  MA  and  MA'  taken  ai  units,  the  Talue  of  the 
Tenicat  niiB(/)  furlbe  giren  epecies.     Thus  forsiriMn, 

where  j  =  0-04,  we  miial  lay  off  OiH  of  MA  abure  Man-i  the  same  len|;ib  below. 

For  an  ortborhombic  crystal,  where  tli>-  three  nxe>  ore  anequai,  the  teti^b  of  t  muit  u 

befiire  be  laid  off  iibi>Te  and  below  from  M.  and  that  of  d  in  trout  and  behind  H,  on  BB*. 

I(  i*  usual  to  make  the  side  mis  MC  =  5  =  1. 

HonocUnic  Brstam.— The  aits/ auil  a  in  ibe  pinnoclinic  syslem are  inclined  to  one  an- 
other at  an  oblique  angle  =  ft.  Tu  project  (his  inciinalioo.  991, 

«nd  ibus  adnpt  tlie  isomelric  aies  lo  a  inouo<-1inic  (orni. 

layoff  (Fig,  WD  on  tbe  axes  MA.  Mn  =  MA  Xc-^A 

and  on  the  axis  BB'  beblnd  M.  M6  =  MB  X  siti  0.     From 

tbe  point*  b  and  a.  draw  lines  parallel  respei'tirely  with 

the  Dxe*  AA'  and  1)B'.  and  from  ibeir  inierscciii>o  D*, 

draw  through  M.  IXD.  making  MD  =  Mr)'      Tbe  line 

DD-  is  the  clinnrtingonal.  »n<l  the  lines  AA,  CC,  DD" 

reprewnlthe  axes  in  a  mo Doclinlc  solid  in  wbitb  a  =  b  = 

e  =  i.    The  poioia  a  and  (and  tbe  pasition  of  ibenxis 

nir  will  wary  wlih  the  angle  ff.     The  relnlire  rallies  of 

tbe  axes  may  be  given  Ibein  Mabore  ex|iliiiiin);  that  K 

ir!  =  1,  lay  off  In  the  direction  of  MAnndMV  a  line 

equal  lo  i.  anil  in  Ibe  direction  of  HD  and  MD'  a  line 

eqnnl  in  d.  etc. 

TrlcUnic  System.— The  vertical  sectiODB  tbrougli  tbe 

borizoDtal  axea  in  ibe  triclioic  sj-siem  nre  obliquely  In- 
clined; also  tbe  iiiclfnntiOD  of  tlie  axis  n  ti>  each  nxis  b 

•nd  e,  la  oblique.      In  the  ailaptatiim  of   the  iM>meiric 

Azea  to  the  Iriclinlc  forou,  it  is  therefore  necessary,  lu  Ibe  flnt  place,  t< 


993. 


obliquity  to  the  mut —    . 

tlonn,  aud  afterwards  lo  adapt  tbe  horizontal  axes.  The 
Incliiiaiion  of  these  (lectluns  we  may  designate  A,  and 
na  heretofore,  the  anele  between  a  aad  b.  jr,  and  a  and 
e,  fi.  BB'  Is  the  nriaiogue  of  the  braciiydingooal.  kod 
CC  of  the  mncmdlagonal.  Ao  oblique  fncllnatioo  may 
be  given  the  vertlcHl  sections,  by  varying  tiw  poailton 
of  either  of  thene  seclluns.  PemiittlDg  the  bracbydiag- 
ontti  section  ABA'B'  to  remain  unalterad,  we  may  vary 
the  odier  wction  aa  follows : 

Lay  off  (Fig.  992)on  MB.  HA'  =  MB  X  cos  A,  and  00 
the  niis  CC  (10  the  right  or  left  of  M,  according  aa  the 
acute  ancle  A  Is  lo  the  light  orient.  Me  =  MC  X  stn  A: 
compteilng  ihe  parnllelogram  Mfi*  De,  and  drawing  tbe 
diagonal  MD.  extending  tbe  same  to  ly  ao  aa  to  make 
HIV  ^  MD.  we  nhuiin  the  line  DD';  the  vertical  aecUoa 
patainc  through  thia  line  is  the  correct  macrodlagnnal 
section.  The  inclination  of  d  to  the  ntiw  macrodiu- 
onal  DD*  is  still  a  right  angle;  aa  also  Ihe  lacllnMloB 
of  A  to  6,  their  oblique  inclinations  mny  be  given  them  aa  foltowa  :    Lay  oil  on  HA  [tif. 
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the  projet^ted  bracliydlugouul.  Agtilu  luy  <iS  on  MA.  Ma'  =  MA  X  cob  a,  and  0[i  Miy,  to 
ibe  lefi,  lAd  ^  HD'  X  ifti  a.  Draw  lini^afrom  a'  aud  d  parallel  lo  MD  and  VA:  F',  tlie  In- 
tcrBettiiiD  of  tLese  lines,  U  ooe  extremily  ot  the  macrodUgoiial;  aod  Ibc  liut  FF',  lu  whkh 
MF  =  MF',  IB  the  niaci'odiiigouHl.  Tbe  Terllcal  auls  AA'  and  ihe  horizomal  axes  EBT 
(bracbyiiiagoiial)  tiud  FF  linairudiagoual)  tlius  ubtulued.  are  Ibe  axeB  io  a  tricliulc  form, 
la  wblcb  >i  =b=e  =  l,  Dlttercnl  vuluei  may  be  given  these  axes,  accoidlDglollie  method 
hereioFure  illusEraieil. 

Bexagonal  Byitem. — Tbe  aimplest  method  of  oblaioinfr  the  axea  for  Ibe  hexagonal  ar^ 
tern  U  iia  fullow«  :  We  Biari  with  tlie  Isometric  nxial  cron  (Fig.  S90)  and  chaui-e  it  su  that  U]« 
front  niia  (MB,  Fig.  998)  Bball  have  ii  length  equitl  lo  I'SS  (=  V^)  times  ils  nrlglnal 
lengtb.  When  Ibe  extremities  oF  Ibe  lltie«  CC  and  BB'  ara  Joined  a  rliomb  will  be  formed 
having  [he  angles  at  C  and  C  etiiinl  ro  130°.  Now  dran  iliroiiuh  tbe  middle  polnti  of 
MB.  SiB'  llnca  parallel  l»  CU'.  nud  the  resulting  Bpirf.  CDEC'D'E'.  will  be  a  regular 
bexiigon.     Tbe  lines  jolniug  lis  iinglee,  namely,  CU'.  DD',  £!<,',  will  be  Ibe  lateral  axea  ro- 

aiilred;  these  nre  shown  in  t'lK  994.  repiaitd  firnn  p.  OS.  It  only  remains  lo  give  UiflTer- 
cnl  axis  the  leuglfa  i-equlred  Iiy  the  c""  '"  ' ' 

W3. 


le  lu  Laud. 


Dbawiko  n 
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SlmpUPormt.— When  tlie  nxtal  cross  lias  been  constructed  for  theRiven  Specie!,  theMd^ 
A«d<v»  111  the  ixomeiric  system  and  the  unit  pyra-  Mh. 

mid  ill  ilif  other  aysleniB  are  oblaineii  «l  once  by 
Joining  Iheexlri'millrs  of  each  of  the  iHlenil  axes 
with  those  of  tbe  Terlii-nl  nxi"  Tbis  is  illustrated 
for  tbe  iaomeiric  system  by  Fie  99.'!  Here,  as  in 
all  cases.  Ibe  lines  wliirh  full  in  front  are  drawa 
atronsily.  while  those  liehiiid  are  simply  doited 

For  the  i^virnWr'it  prwrn  drawtbrouEb  B,  B', 
C.  C,  of  tbe  |)r..jected  axes  of  anv  "t'ecfes  (Fig. 
995i,  liiua [>amllcl  r.i  tbe  iixes  CC.  BB'.  until  Ibev 
meet:  ibey  mnke  the  pnnilleloeriiin,  t^ed.  which 
isa  tmn>"vernciu,'Ctio»  of  the  prism,  piinillel  to  the 
tiasc.  Through  >i.  b.  e,  d  draw  lines  pnrallil  iind 
equal  to  ibe  viTtlnil  nxis.  making  the  parts  above 
anil  bolow  tbeie  points  eijual  to  the  vertlcHl  semi- 
axis  Tlien.  conneet  ihe  extremilies  of  these  line* 
by  lines  parallH  lo  ab,  be.  ed.  dt,  and  the  Hgure 

will  be  Unit  of  ilie  diiimetml  prism,  correspond-  ^ 

ing  lo  the  axes  projected. 

In  the  case  of  the  isometric  system  (Fig.  09S).  this  diametral  prism  Is  Ihe  cuiie  whose 
fares  arc  represented  bv  the  letter  a  (lOtl}.  Fiir.  70,  p.  84:  in  the  lelnigoDal  system  It  Is  the 
prism  n  (100).  <r  (001).  ^c  149.  p.  Hi:  in  Ibe  oHliorhomblc.  nionncliiiic  and  IrlcIlnicsystcmB 
tbe  fno's  have  the  symbols  a  (100).  6  (1110).  e  (001).  as  shown  in  Figs.  275,  313,  383. 

The  unit  vfi-tical prifin  in  Ihi'  telrBgonai.  orihorhombic.  and  eiruomelric  syslema  may  be 
projected  by  drawing  lines  parallel  lo  tbe  vertical  axis  AA'  through  B.  C,  B',  C,  making 
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the  pnrts  above  nnd  below  these  poiuts  equal,  aiul  tbeu  eonuecting  the  extremities  of  tbear 
lines  by  Hues  parallel  to  BC,  CB\  B'C,  C'B.  Tbe  plaue  BCB'C  is  a  transverse  section  of 
sucb  a  prism  punillcl  to  its  base.  This  prism  is  bounded  by  the  faces  m  (110),  e  (UUl).  C(. 
Figs.  150,  276,  313. 

Other  prisms  iu  the  orthorhombic,  mouoclinic  and  triclinic  systems,  as  (210),  (120), 
etc.,  are  drawn  in  the  same  way,  only  that  the  lateral  axes  must  be  adapted  to  each  case. 
Thus  for  (210)  the  axis  b  has  double  the  unit  value  characteristic  of  the  given  species;  f'ir 
(120)  it  has  half  this  value  (or,  otherwise  expressed,  the  axis  a  is  to  be  doubleii).  and  so  ou. 

In  the  tetragonal  system  the  prisms  (210).  (810).  etc.,  have  eight  faces  (cf.  Fig.  152,  p. 
54).  Therefore,  e.g.  for  i210),  first  draw  in  the  plane  of  the  lateral  axes  lines  from  the 
unit  length  of  each  axis  to  the  double  of  that  adjoining  (-f  and  — ) :  the  intersections  (if 
these  eight  lines  arc  points  t!. rough  which  lines  must  be  dmwn  vertically  (parallel  to  ^), 
corresponding  to  the  edges  lettered  y  in  Fig.  152.  For  the  hexagonal  system  the  construc- 
tion of  the  three  prisms  is  so  similar  to  those  described  as  to  need  no  further  exphinntiou. 

Other  simple  forms  are  constructed  on  much  the  same  principle.  The  points  are  first 
to  be  determined  at  which  the  respective  faces  cut  the  axes.  Then  light  construction  lines 
are  drawn  in  each  of  the  axial  planes  connecting  these  points,  and  at  thesiuue  time  the 
intersection-points  noted  for  each  pair  of  adjoining  faces.  From  these  last  the  actual  inter- 
section lines  of  the  given  form  are  obtained. 


996. 


998. 


997. 


999. 


Figs,  miom  will  serve  as  illustrations     The  ^^^f"  ,Fiff.^^'[.^^V\^J:.^ '^^^^ 
(221).    The  three  front  upper  faces  of  this  have  the  symbols  221.  212  ^^^Vo-  V,!^  f^f'  ^ 
38).     For  them  the  axial  intersections  are  (see  the  explanation  on  pp.  23,  24)  as  follows  : 

^Oi  :  \at  :  las  =  l^i  :  l^s  :  2ax: 

iUi  :  Irta  :  i«8  =  Ifli  :  2aa  :    as; 

lai  :  ^tfi  :  \ai  =  2ai  :    t/a  '•    <*»• 

Here  the  axes  a,,  n^,  ft^  are.  as  always,  taken  in  the  a,  6.  c.  order  (cf.  Fig.  55,  p.  22). 
Fiff.  996  shows  each  of  the  three  planes  projected  on  the  axes,  and  their  respective  mtersjjc- 
lion-edffes  are  «een  at  once  to  be  the  dotted  lines  starting  from  the  pomU  cttercd  a.  The 
completion  of  the  figure  involves  no  further  difficulty.  It  is  to  be  noted,  however,  that  it 
is  ndt  necessary  to  repeat  the  full  construction  for  each  octant,  since  the  principle  of  sym- 
metry with  r.snect  to  the  three  axial  planes,  that  is.  along  lines  parallel  to  each  of  the  axes. 
comes  in  to  simplify  the  work.  In  practice,  it  is  well  to  construct  the  front  half  ^'^'^y^J^ 
symmetry  to  complete  the  part  behind,  which  is  usually  drawn  in  dotted  hues.  The  sym. 
metrv.  in  any  case,  is  a  most  valuable  check  on  the  accuracy  of  the  work. 

Another  illustration  is  given  by  Figs  998.  999  of  the  ditetragonal  pyramid  (122)  of  the 
tetniffonal  system  (cf.  Fie.  166.  p  58)     This  requires  no  additional  explanation. 

Oomplei  Porms.— When  it  is  re(viired  to  draw  not  only  the  faces  of  a  smg  c  form 
embraced  under  the  same  symbol,  but  also  those  of  a  number  of  forms  modifying  one 
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anotber,  a  somenhat  different  process  is  fonnil  desirable.  It  is  possible,  Indeed,  lo  coo- 
Biruct  &  complex  figure  in  tlie  way  jast  meDlioned,  each  plaue  beiuf;  liiid  o&  oa  tbe  giren 
axes,  and  ils  imersectioii -edges  'nilb  adJoioiDK  pUiies  deturmiued  by  two  poluls,  always  in 
Ihe  axial  aectlons,  whicb  it  lias  Id  coiumuD  wiih  each  of  tbcm.  Id  Ibis  way,  bowever,  ibo 
figure  will  soon  become  so  complex  as  to  be  extremely  perplexing,  aud  ibus  lead  tu  error 
and  coDsequeul  loss  of  time. 

Tbe  process  of  determiDiog  tbe  direction  of  Ibe  inlersection- edges  is  niucb  Amplified  if 
the  expressiuu  giviug  tbe  ratio  of  tbe  iutercepls  od  tbe  axes  for  encb  pluue  Is  so  traiitiforiDed 
(by  divldieg  by  tbe  coefflcleut  of  tbe  Tertical  ails)  tbat  tbe  value  for  tbe  vertical  axis  sbiill 
be  uoity  (tbat  is,  Id  geoeral  equal  to  i).  Tbe  extreroliy  of  tbe  vertical  axis  (-|-  or  — )  Is 
tbea  one  point  of  Intersection  for  any  two  planes,  aed  tbe  olber  point  will  always  be  fn  the 
plaue  of  tbe  lateral  axes. 

As  au  example  of  the  traosformatloD  culled  for,  suppose  334  to  be  tbe  symbol  of  ■ 
given  face,  its  intercepis  on  tbe  axes  a,  b,  e  would  be  (Art.  84)  ja  :  )fr  :  }c,     lliis 
Uie  form  required  for  Ibe  present  purpose  becomes  (by  mupiiplyiug  by 
ta:2b:e. 

It  will  be  noted  tbat  the  expression  iLiis  oblained  Is  uot  ordinarily  tbat  wliicb  corr^ 
sponds  to  llie  Naumann  symbols,  for  with  them  (be  length  of  a  laiei-al  »xis  (usually  a)  Is 
taken  as  tbe  unit. 

Exsimple. — The  eiplauation  of  tbe  meibod  of  di-awlng  crystals  can  best  be  described  by 
use  of  R  cj>DCL'ele  exauiplc.  Suppose  tbat  it  is  required  lu  draw  an  orlborbombic  crystal 
(anduliislie)  of  prismatic  habit  (Fig.  1000),  sbowiug  tbe  faces  a  (100), «  (001),  m  <110),  r 


s  put  Into 


(1011,  s(OII).  odll).  f  (121).  It  Is  evident  that  an  Indeliuile  i 
of  figures  may  be  made,  including  tbe  faces  ini^utloueil.  nnd  yetot 
very  differeni  appeiirance  according  lo  Ihe  relative  size  of  each.  It  is 
usually  desirable,  however  to  represent  the  nctuid  iippenrance  of  tbe 
crystal  in  nature,  imly  In  ideal  symnittry,  hence  it  is  im|iorta[il  In  all 
ciLsvs  to  have  a  sketch  of  the  crystal  to  be  reprt-sMiteil,  showing  tbe 
relative  i level iipmei it  of  tbe  different  faces.  If  this  skelcli  is  made 
with  a  little  cure,  so  as  to  exhibit  n!so  tbe  piirallelisni  of  Ibe  inlerseciion- 
edges  in  the  occurring  zones.  It  will  give  uinlei'ial  aid.  Tbe  zones,  it 
U  III  be  noled,  are  a  great  help  In  drawing  tigures  of  crysluls.  and 
tliey  should  be  carefully  studied,  since  the  common  direction  of 
tbe  Intersection 'edge,  once  determiued  for  tmy  two  faces  in  it.  will 
answer  for  all  others. 

1001. 


1000. 


Tbe  tirst  step  h  to  take  tbe  isometric  xxisl  cm 
of  a  ciiiu'euk'ntly  large  scale,  aud  pierce  It  Ihrou 
llieii  Riiapt  it  i<i  the  nquiremeiits  of  the  ipecies 
a  -.b-i^  0'9»  ;  1  ;  f)-70.  Hence  the  verikul  ax 
(in  Ibis  cuKe)  the  lateral  axis  mils  for  iin  cliauuc 

The  next  step  Is  lo  draw  ou  tbe  plane  of  ibe  latc-rul 


already  drawn  on  a  suitable  card,  and 
on  to  the  paper  to  be  employed,  and 
hiind.  For  andnlusite  lliuniiul  ratio  Is 
lusi  be  0-7  of  its  isometric  length.  iiuX 

»  (Fig.  1001)  a  line  giving  tbe 
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trace  of  each  face  as  it  is  needed.  Eacb  line  is  obtniued  from  the  expression  of  tbe  axial 
intercepts  transformed  in  tbe  manner  already  explained,  so  ibat  ibe  vnlue  for  ^  aball  be 
unity.  For  tlie  faces  of  tbe  prism,  m  (110).  tbe  required  lines  are  p»  snd  gi  (Fig.  1001). 
Obviously  tbeir  intersection-edges  are  puraillel  lo  die  vertical  axis,  wbile  ibeir  iniersections 
witb  tlie  base  c  (001)  are  parallel  to  p8  mui  qi.  Similarly  tbe  mutual  intersection  edges  for 
the  faces  of  tbe  prism  k  (210)  and  tbe  piunc  id  a  (100)  will  be  purullel  lo  CC. 

Furiber,  tbe  corres|)onding  lints  for  the  upper  :acesof  the  macrodome,  cr,  that  is,  101 
and  lOI,  BTepq  and  U  :  those  of  the  faces  uf  the  cliuodome  b  (Oil)  are  qs  and  pt ;  those  of 
tbe  faces  of  the  pyramids  0  (111)  are  ab,  ba\  a'h\  b'a\  those  of  the  pyramid  t  (121).  whose 
intercepts  in  the  required  form  are  la :  \h\  Ic,  are  at.  qa\  a'p,  ta,  £ach  of  the  planes 
mentioned  passes  also  through  C.  tbe  extremity  of  tbe  vertical  axis.  Therefore,  whatever 
intersection-edge  is  called  for  Is  given  at  once  by  the  figure.  For  example,  that  for  the 
faces  s  (121)  and  $  (Oil)  is  tbe  line  joining  C  with  s,  since  the  lines  as  and  q$  repieseniing 
these  planes  intersect  at  «  and  all  planes  pass  through  C  ;  further,  tbe  same  direction  is  that 
of  the  intersection-edge  of  m  (110),  s  (121),  since  the  trace  of  m  (110)  also  passes  throueh  the 
point  8,  So  also  the  intersection  edge  of  o  (111)  and  z  (121)  will  be  the  line  joining  C 
and  a.  and  the  same  line  is  that  required  for  r(lOl)  and  <?(111);  that  of  rand  i"'(2i0)  is 
given  by  the  line  joining  C  and  s.  since  the  trace  of  kf'\  or  fttm'  (Fig.  1001  ;  cf.  Fig. 
1002),  if  produced,  meets  that  of  r  (101)  or  pq  at  s. 

The  above  explanation  will  show  how  tbe  required  intersection-edges  can  be  obtained 
as  needed.  In  the  practical  use  of  tbe  method  it  is  customary  to  begin  with  the  pre- 
dominating form  and  then  add  tbe  modifying  faces  in  succession.  That  is,  in  the  case  in 
hand,  the  prism  m  would  be  drawn  terminated  by  e ;  then  perhaps  tbe  pinacoid  a  added  ; 
then  tbe  prism  k  (210),  and  afterward  tbe  terminal  faces. 

Tbe  actual  figure  is  usually  made  on  the  sheet  of  paper  below  tbe  axial  projection 
(Fig.  1001),  the  directions  of  tbe  intersection-edges  being  carefully  transferred  by  means 
of  a  tHancle  sliding  against  the  side  of  another  triangle  or  a  ruler.  Tbe  figure  should  be 
made  considerably  larger  than  as  finally  required,  since  only  in  this  way  is  suflScient  accu- 
racy attainable.  Tbe  final  figure  of  tbe  nquired  size  is  readily  accomplished  by  photo- 
engraving, if  the  drawing  is  done  clearly  and  in  black  lines. 

To  complete  tbe  figure  behind,  tbe  intersection- lines  can  be  obtained  in  the  same  way. 
It  is  to  be  noted,  however,  that  in  tbe  given  case  (of  an  orthorbombic  crystal)  tbe  sym- 
metry can  be  used  to  simplify  tbe  process,  or,  if  desired,  merely  to  check  the  work  done, 
since  every  point  in  front  has  a  corr  esponding  symmetrical  point  behind  equally  distant 
from  tbe  axial  plane  be,  in  tbe  direction  of  the  axb^a.  Tbe  symmetry  right  and  left  relatiyely 
to  the  axial  plane  ae  also  should  be  used  to  test  tbe  accuracy  as  regards  the  two  sides  of 
the  figure.  When  the  upper  half  of  the  figure  (or,  if  preferred,  tbe  front  half)  is  completed, 
the  symmetry,  as  noted,  is  usually  employed  in  tbe  completion  of  the  remainder,  since  (in 
this  case)  every  line  in  front  above  has  one  parallel  and  equal  to  it  behind  below.  In  the 
case  of  crystals  of  lower  grade  of  symm  etry  the  method  is  less  simple,  and  in  some  instances 
considerable  ingenuity  is  called  for,  but  practice  will  serve  to  give  facility. 

On  the  'Drawing  op  Twin  Crystals. 

Twinned  Orystals.— In  order  to  project  a  compound  or  twinned  crystal  it  is  generally^ 
necessary  to  obtain  first  the  axes  of  tbe  second  individual,  or  semi-individual,  in  tbe  posi- 
tion in  which  thev  are  brought  by  the  revolution  of  180".  This  is  accomplished  in  tbe  fol- 
lowing manner  : '  In  Fig.  1002  a  compound  crystal  of  staurolite  is  represented,  in  which 
twinning  has  taken  place  (1)  on  an  axis  normal  to  (082),  and  in  Fig.  1003  this  is  shown 
again  with  also  twinning  on  an  axis  normal  to  (232).  Tbe  second  method  of  twinning  being 
ibe  more  general,  is  of  the  greater  importance  for  tbe  sake  of  example.  In  Fig.  1004  cef, 
W,  Ofi  represent  the  recUngular  axes  of  staurolite  </  :  5 :  e  =  0*47  :  1  :  0*68).  Tbe  t win- 
ning-plane (2^2)  has  tbe  position  MNR.  It  is  first  necessary  to  consiruci  a  normal  fn»m  the 
center  O  to  this  plane.  If  perpendiculars  l)e  drawn  from  the  center  O  to  tbe  lines  MN.  NR^ 
MR,  they  will  meet  them  at  the  points  x.  .v,  s,  dividing  each  line  into  segments  proportional 
to  the  squares  of  the  adjacent  axes  ;♦  or  Nj-  :  Mi-  =  ON* :  OM*.  In  this  way  the  po  nts  x. 
y,  z  are  fixed,  and  lines  drawn  from  any  two  of  them  to  the  opposite  angles  R,  N,  or  M 
will  fix  the  point  T.  A  line  joining  T  and  O  is  normal  to  the  plane  (MNR  =  232).  Further- 
more, it  is  obvious  that  if  a  revolution  of  180*  alwui  TO  take  place,  that  every  point  in  the 
plane  MNR  will  remain  equally  distant  from  T.     Thus  the  point  M  will  take  the  place 

♦  This  is  true,  ftince  rhe  axial  anjrles  are  -ieht  aneles.  In  ihe  Monocliiiic  System  two  of  the  axial  inter- 
sections are  perpendicular,  and  they  are  aufflcient  to  allow  of  the  determination  of  the  point  T  as  above. 
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«(MT  =  T«).  tbe  point  V  the  place  /T  iWT  =  T/T).  aod  m  on.    The  linn  jolulug  tbete 

JuinU  u,  tf ,  I,  amf  ibe  cuuiniuu  ceultt  O  will  U:  ilie  uew  axes  comtpouillug  to  MO,  NO, 
lO.  Ill  order  to  i-biulii  ibe  uuU  uea  corruepouiliiig  lo  i,  i.  a  it  (■  merely  neceitiary  to 
druw  ibroiigh  e  a  line  pnrullel  to  M'l'u,  meeting  nQ  at  r>  ibeu  y'^T    is  Ibe  i"-™  nirti. 


»  Tertl- 


cal  axis  correBpoudlDg tocos' :  alao.  ySO/foorretpondBtoSOy,  andoO'T'corTeBponililoaOa'. 
Tbeaetlireesxes.  tbcu,  are  tbe  axel  for  Mie  itpcond  individual  fn  lis  twinned  [HKltfou  i  upon 
tbero,  ill  tbt!  usual  na^.  the  uew  figure  moy  bu  roiiBtnicted  aud  Iheu  irunsrerred  lo  111 
proper  potiition  nitb  reference  (u  iLe  iiornml  cryatal. 

Fur  ibe  secoDd  method  ot  twInnloK.  when  the  nxis  fi  normnl  to  (0S2i.  the  coDBtruetloa 
1b  more  Hluiple.  It  Is  obvlouB  tbat  Ibe  axis  is  the  line  Ox,  and  uaintr  this,  as  before,  tbe 
new  axes  are  fuutid  ;  kOk  corresponds  to  cOe*  (seosibly  coiucldiiig  with  W),  since  e  (001)a 
033  =  45°  41',  and  bo  on. 

lu  many  coses  tbe  simplest  method  is  to  construct  first  the  normal  crystal,  then  draw 
through  lis  center  tbe  iwinning-plone  and  the  axis  of  reTolutlon,  aod  determine  the  niiKulnr 
poiutB  of  the  reveised  crystnl  on  the  principle  alluded  to  above :  tbat  by  the  resolulion 
every  pniut  retnalns  at  the  same  dUtatice  from  tbe  axis,  measursd  In  a  plane  at  riehl  ancle 
to  the  axis.  Ttiua  in  Fig,  384,  p.  126.  when  the  scalennhedron  has  been  drawn,  xlnr^e  the 
twinning. plane  is  the  btMal  plane,  each  anKiilar  point,  hy  the  revoliitioo  of  180*.  nhtaln'  a 
position  eijuldlatant  from  tLla  plane  and  directly  helow  It.  In  this  way  each  angular  point 
is  determined,  and  tbe  compouud  crystal  is  completed  in  a   ~  ~ ' 


Drawiho  0 


Pkojectiohb. 


Horizontal  Projoctloni It  Is  often  convenient  to  have,  instead  of  a  drawing  of  a  com- 
plete crystal,  a  no-cnlled  liorlioolal  pmjeclion  of  lis  faces  upon  a  single  plane.  Tbe  plane 
selected  la  nsiiatly  that  normal  to  Ibe  prismatic  zone— in  other  words,  tbat  parallel  to  the 
bnae  ot  nil  crystals  except  those  of  the  clinnmelrlc  system  ;  Flea.  80.  33.  84,  86.  39,  on  pp. 
15,  16.  are  example.  O'licr  planes  inny  also  be  taken  wilh  advantage  in  certain  cases,  as. 
for  example,  the  clinodlagonal  axlnl  plane  with  mouocliuic  crystals.  Fig.  826,  p.  108, 
npresents  such  a  projection  of  a  crystal  of  epidole. 
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The  drnwiDg  of  tbese  projections  is  readily  accomplished  by  one  who  has  mastered 


1005. 


the  method  already  described  (p.  551) ;  it  is  further  illustrated 
here  by  Figs.  1005, 1006.  The  projection  eiveu  (Fig.  1005)  is 
that  of  the  figure  of  andalusile  shown  in  Fig.  1000. 

In  Fig.  1(J06  tlie  dotted  lines  aa\  bb'  represent  the  lateral 
axes  (here  sensibly  equal).  Tbe  projection  of  the  unit  prism 
III  (110)  on  this  plane  gives  tbe  lines  ps  and  qt\  of  the  prism. 
k  (210),  the  lines  nn'  and  mm'\  of  the  pyramid,  t  (121).  ibe 
11  IK'S  ««,  a'q,  a'p,  and  at^  etc. 

Tbe  intersect  ion -edges  for  any  two  planes  will  be  ^iven  by 
tlie  line  drawn  through  c  (tbe  extremity  of  tbe  vertical  axis  as 
projected,  common  to  all  planes),  and  also  through  the  point 
where  the  lines  representing  the  given  planes  intersect.  Thus 
liic  fat  es  z  and  «  are  represented  in  ihe  projection  by  the  lines 

as  and  qs  respt'clivcly.     'i  hese  linos  meet  at  «;  hence  the  intersection  direction  for  the  two 

faces  will  be  the  line  drawn  thiough  O  and  s, 

1006. 


The  projection  shown  in  Fig.  1006.  when  each  face  of  a  crystal  is  represented  by  a  line 
on  a  given  plane,  iismilly  that  normal  t'j  the  prismatic  zone  (vertical  axis),  was  pro|H>8ed  by 
Ouenstedt,  and  is  known  us  tbe  Qxienstedi  Projection  ;  it  was  made  by  him  tiie  basis  of  an 
elaborate  system  of  crystallography.  It  will  be  noticed  that  zones  here  are  represented  by 
points,  since  all  the  lines  representing  the  faces  of  a  given  zone  must  pass  through  the  same 
point  in  the  plane  of  projection  ;  this  is  still  true  mathematically  of  lines  whicU  are 
parallel. 

Spherical  Prqjection. — Various  methods  have  been  suggested  and  are  in  use  for  repre- 
senting the  positions  of  the  faces  of  a  crystal,  especially  with  respect  to  their  zonal  rela* 
tions,  the  anglea  between  them,  etc.;  these  do  not,  however,  attempt  to  give  a  picture  of 
the  crystal  itself.  One  of  these— tbe  Quenstedt  projection— represented  by  Fig.  1006.  baa 
already  been  spoken  of.  Another  valuable  method  is  that  of  Goldscbmidt,  which  he 
makes  tbe  bsisc  of  bis  ingenious  and  practical  system  (see  references  on  p.  117). 

The  most  servicenble  method  and  the  only  one  used  in  tbe  present  book  is  the  spherical 
projection  described  in  Arts.  89  to  42.  and  of  which  examples  are  given  in  tbe  pa^es  follow* 
ing  (see  Fig.  110.  p.  41 ;  171.  p  58.  etc).  The  method  of  construction  needed  has  been 
explained  in  Art.  40,  so  far  as  it  applies  to  tbe  orthonietric  systems. 

For  tbe  monoclinic  system  it  is  to  l)e  noted  (cf.  Fig.  327.  p.  103.  and  Fig.  1006)  that 
while  the  poles  of  the  prismatic  faces  still  lie  on  the  circumference  of  the  circle  and  can  be 
fixed  at  once  with  a  protractor,  and  while  all  the  orthodomes  (AO/)  He  in  the  diameter  from 
a  (100)  to  a'  (100)  at  90"  from  b  (010),  the  base  e  (001)  is  not  the  middle  point  of  the  circle. 
as  in  the  projections  of  the  orthometric  systems.  Tlie  position  of  e  cah,  however,  be 
readily  fixed,  since  the  complement  of  the  angle  o«  (100  A  001  =  6)  gives  its  angular 
distance  from  tbe  middle  point  of  tbe  diameter  aa'  (P  in  Fig.  1008);  and  this  distance  on  the 
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projeciiou  is  pioporliouul  lo  the  laugent  of  half  this  augle  in  terms  of  the  given  rudiuB.  So 
also  tbe  posiliou  of  uuy  orihodouie  whose  aogular  distauce  from  a  (lUO).  a'  (100),  or  c  (001), 
is  known  can  be  lixed  ou  the  sphere  of  projection  in  the  same  way. 


1007. 


1008. 


eioi 


xioo 


mho 


100     ,  _ 
boio 


6010 


miio 


a  100 


Instead  of  using  the  tangent  of  the  half  angles  with  a  scale  of  ])roport{ona]  parts  tbe 
distances  may  be  readily  constructed  without  adculation.     Tbus  for  epidote  we  have 

ae,  100  A  101  =  29"  54'; 
ac.  100  A  001  =  64**  87'; 
a'r,  100  A  i01  =  5r41'; 
a'l,  iOO  A  201  =  25"  57'. 

Draw  a  circle  with  the  given  radius  (Fig.  1007)  and  measure  off  on  tbe  circumference 
from  a  (100)  and  a'  (lOO)  the  successive  angles  given.  Then  join  the  points  so  fixed  with 
the  point  0,  the  opposite  extremity  of  the  diameter  at  right  angles  to  aPa\  which  is  sup- 
posed to  be  the  position  of  the  eye  in  this  method  of  projection.  The  points  where  these 
lines  Intersect  the  diameter  aPa'  give  tbe  position  of  e  (101),  e  (001),  r  (101),  I  (201),  to  be 
used  for  tbe  projection  of  Fig.  1008. 

When  the  positions  of  the  poles  of  the  ortbodomes  of  tbe  given  crystal  are  fixed  in 
the  diameter  aa'  (Fig.  1006),  and  also  those  of  tbe  prisms  en  tbe  circumference  of  tbe 
circle,  it  is  obvious  that  tbe  pole  of  any  other  face  can  be  determined  by  drawing  tbe 
proper  circular  arcs.  Thus  the  arc  010,  101.  010  and  that  110,  001. 110  together  determine 
the  position  of  111.  and  so  on  for  any  pyramid.  Again,  tbe  arc  100,  111,  100  and  010,  001, 
010  determine  the  position  of  Oil.  It  is  to  be  noted,  however,  that  for  sake  of  accuracy  it 
may  be  better  to  fix  the  pole  of  Oil.  or  any  given  jclinodome,  independently.  If  (Fig.  1008) 
a  diameter  be  drawn  connecting  b  (010)  and  1/  (010),  it  is  clear  that  tbe  angular  distance  bx 
and  hence  Fx  (Pb  =  90*)  can  be  obtained  at  once  by  the  solution  of  a  single  right-angled 
triangle  in  which  the  bypothenuse  (010  a  Oil  or  in  general  001  a  Okl)  is  known  and  also 
the  augle  at  6— the  last  "being  equal  to  90*— ae.  When  the  point  x  is  known  tbe  circular 
arc  axa*  determines  the  position  of  Oil,  and  so  in  general  of  any  clinodome.  Fig.  1007 
makes  it  clear  at  once  why,  as  stated  in  Art.  40,  the  tangent  of  half  tbe  angle  from  the  cen- 
tral point  of  the  snhere  elves  the  position  of  any  pole,  the  radius  of  tbe  circle  being  taken  as 
unity.  It  is  s.'eu  here  (Fie.  1007)  that  the  actual  anple.  for  example  60"  6'.  for  « (101)  at  tbe 
center  is  one-half  the  corresponding  anele  ^80'  8')  at  the  circumference  :  further,  the  distance 
P<J  is  proportional  to  tan  30**  8'  (tan  ^  60°  6'),  where  the  radius  aP  is  equal  to  unity. 

In  the  triclinic  sy$tem  the  spherical  projection  can  be  drawn  by  an  extension  of  the 
method  just  described.  It  is  assumed  that  the  angles  between  tbe  pinacoids  are  known. 
ab,  ae,  be  :  also  the  angles  of  tbe  triangle  abe  which  are  tbe  supplements  of  the  axial 
angles  a,  /3,  y.  In  the  first  place  the  positions  of  a  (100),  b  (010),  and  of  the  prisms  are 
fixed  by  tbe  protractor  on  tbe  circumference  of  the  circle.    Now  draw  through  aa!  a 
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diameter  and  at  ri^bt  angles  to  ibis  another  diameter,  meeiing  the  circumference  at  two 
points  B,  B',  90**  from  a  and  a'.  A  circular  urc  drawn  througU  BB'  and  e  (001)  will 
cut  the  diameter  oo'  at  a  point  K,  whose  distance  from  the  center  P  can  l)e  calculated 
in  a  right-angled  spherical  triangle  in  which  the  hypotheuuse  (ae)  and  the  adjacent  angle 
at  a  are  known.  Hence  the  position  of  K  is  fixed.  Again,  draw  the  diameter  W,  and 
at  right  angles  to  it  auother  diameter,  AA\  If  L  is  the  point  on  blf  where  it  ia  cut  bj 
the  circular  arc  through  bet/,  the  distance  PL  can  be  similarly  calculated.  With  K  and 
L  both  fixed,  it  is  easy  to  draw  aea'  and  bcb',  and  thus  deteruiiue  the  position  of  e.  After 
the  zone  circles  aca'  and  bel/  have  been  drawn,  the  position  of  any  dome  (hOl  or  OJU)  can 
be  similarly  found  by  a  single  calculation,  and  as  the  prisms  have  been  fixed  it  is  easy  to 
locate  any  required  pyramid. 

On  the  general  method  of  projection  applicable  to  triclinic  crystals,  see  Groth,  Phys. 
Slryst,  p.  579,  et  teg.,  and  Liebisch,  Gkometr.  Kryst.,  p.  124,  ei  teg. 
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TABLES  TO  BE  USED  IN  THE  DETERMINATION  OF 

MINERALS. 


This  Appendix  contains  a  series  of  tables,  more  or  less  complete,  of  minerals  arranged 
according  to  certain  prominent  crysUillographic  or  -pbysical  characters.  These,  it  Is 
believed,  will  be  of  service  not  oulv  to  the  sludeut,  bui  also  to  the  skilled  mineralogist. 
Table  I.,  of  Minerals  arranged  according  to  System  of  Crystallization,  is  intended  to  embrace 
nil  well-recognized  species,  though  those  of  relatively  greater  importance,  especially  as 
regards  occurrence,  are  indicated  by  being  printed  in  heavier  type. 

The  other  tables  make  no  claim  to  completeness,  being  limited  often  to  common  and 
im[X)rtant  species. 

For  an  exhaustive  system  of  Determinative  Tables  based  particularly  upon  blowpipe 
and  chemical  characters,  the  student  is  referred  to  the  work  of  Professors  Brush  and  Pen- 
field,  mentioned  on  p.  250. 

I.  MINERALS  ARRANGED   ACCORDING   TO   THEIR  SYSTEM  OP 

CRYSTALLIZATION. 

The  following  lists  are  intended  to  include  all  well-recognized  species,  whose  crystalliz- 
ation is  known,  arranged  according  to  the  system  to  which  they  belong,  and  further  classi- 
fied by  their  luster  and  specific  gravity  ;  the  hardness  is  also  given  in  each  case. 

I.  CRYSTALLIZATION  ISOMETRIC* 
A.  Luster  Unmbtallic. 


Sal  Ammoniac  (p.  819). . 

Kalinite  (p.  535) 

Faujnsite  (p.  460) 

Sylvite  (p.  810) 

Halite  (p.  818) 

Uydrophilite  (p.  821)... 

Sodalite  (p.  412) 

Analcite  (p.  460) 

NoseUte  (p.  418) 

Northupite  (p.  864) 

Hattynite  (p.  412) 

Leucite(p.  881) 

Lazurite  (p.  418) 

Sulphohalite  (p.  531).... 

Hulstonite  (p.  828) 

Voltnite(p.  587) 

Lnngbeinite  (p  528) 

Zunyite  (p.  414) 

PolIucite(p.  882) 

Boracite  (p   518) 

Pharmaco8iderite(p.518) 
Nilrobarite  (p.  517).    ... 

Fluorite(p.  820) 

Helvite(p.  414) 

Garnet  (p  415) 

lihodizite(p.  518) 

Daniilite  (p.  414) 

Hauerite(p.  801) 

Diamond  (p  271) 

Spinel  (p   888) 

Pericla8e(p.  881) 


Specific 

Hard- 

Qravity. 

ness. 

158 

1-5-2 

1-75 

2-2-5 

1-92 

5 

108 

2 

214 

2-5 

2  2 

214-2-80 

5-5-6 

2  2-2  8 

5-5-5 

2-2i^2-4 

5-5 

2-88 

85-4 

2-4-2  5 

55-6 

2  45-2  50 

5  5-6 

288-2-45 

5-55 

2-40 

85 

2-58 

4  5 

270 

8-4 

2-88 

2-87 

7 

2  00 

6  5 

2  0-8 

7 

2  0-8 

2  5 

8-2 

8-2 

4 

8-16-3-86 

6-6-5 

8-3-48 

6-5-7-5 

8-4 

8 

8-48 

5-5^ 

8-46 

4 

8  52 

10 

85-41 

8 

8  67 

6 

Specific 

Hard. 

Qravity. 

ness. 

Arsenolite  (p.  880) 

8-7 

1-5 

Schorlomite  (p.  410).... 

8-81-8  88 

7-7  5 

Hercynite  (p.  8:^0) 

8-9-8-95 

7-5-8 

Sphalerite  (p.  201) 

8  9-4  1 

3-5-4 

Nantnkite  (p.  817) 

8-93 

2-2-5 

Mar8hite(p.  817)  

5-6? 

Alabandite  (p  202) 

8-95-4  04 

8-5-4 

Perovskite  (p.  4H7) 

4  08 

55 

Berzeliitc  (p.  495) 

4-08 

5 

Gkdinite  (p.  880) 

40-46 

7-5-8 

Pyrochlore  (p.  489) 

4  2-4-36 

5-55 

Koppite(p  489) 

445-4  56 

Zirkelite  (p.  846) 

4-71 

55 

Hatchettolite  (p.  489).... 

4-8-49 

5 

Lewisite  (p.  516) 

4  95 

5-5 

Atopite(p.  516) 

5-03 

55-6 

Percylite,  Boleite  (p.  822) 

508 

2-5 

Mauzeliite  (p.  516) 

5-11 

6-6  5 

Manganosite  (p.  382). . . . 

518 

5-6 

Scniirmontite  (p.  880)... . 

5-2-5-8 

2-2  5 

Embolite(p.  819) 

5-3-5  4 

1-1-5 

Oerargyrite  (p.  819).. 

5-55 

1-1-5 

Mier8ite(p.  819) 

5-6 

Microlite  (p.  489) 

55-61 

55 

lodobromite  (p.  319). .. . 

5-71 

1-1-5 

Bromyrite(p  819) 

5-8-6 

2-8 

Cuprite  (p.  831) 

585-615 

85-4 

Eulytite(p.  414)  

611 

4*5 

Bun8enite(p.  882) 

64 

5-5 

Monimolite  (p.  496) 

6-58;  7-29 

5-6 

1 

*  Some  pseudo-isometric  species  are  here  included.    Species  with  submetalUc  luster  are  pUced  under 
B,  but  some  species  are  included  in  both  lists. 
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B.  LusTRii  Metallic  (akd  Sdbmbtaluc). 


Hniierileip.  301) 

Spliiileriie  ip.  'Jdl) 

AlalmiKliie  (p.  292) 

Cubuuiu- (p.  297) 

DyBBimlylu  (p.  488).... 

BiuiiiiU.:  (p.  aifli 

Chromiteli).  841) 

BiQiiite{p.  3lK(] 

TennoDUtaip.  aiS)  ... 
TstrahsdriteCp,  81:2).. 
MagueHiuferriii;  (p.  341) 
FenUuidlta  (p.  293l... 
Pulj'ilymlteip.  3U6).... 

jACobsiU;(p.  341) 

8ydiiio.lyNiite(p.  2961. 

XJniiaita  (p.  297) 

Citrroltile  (p.  2»7) 

Bijibyit<:(p.  843) 

PyritB(p,  800)  

I'nnkUiiilaip.341).... 

MagnMite  (p.  3W) 

Bornlto(p.  297) 

UemlortHte  (p.  303) 

auprito(p.881) 

Bnm^nUnlilG  (p.  309)., 

Coryniteip,  302) 

ArRymdlle  (p.  816) 

Oob>ltit«|p.  301) 


8  9-4  1 
895-4-04 
40-4  1 


4-4-4  49  3-4 
4-4-51  3^ 
4'57-4e5  6-6-5 
3-5-4 


6-6-5 
8-6-5 
8-6-5 
6-6-5 

4-9-S-4 
5.8-C-3 
5-8f)-6-i; 

6-9ri 

5 -9.^1-0! 
61-6-3 
6-6S 


Canfielditc  (p.  816) 

UIlniaiuiit«  (p.  302) 

Smaltita,  CliloaDtbite 

(P.3U1) 

Skiiiieriidiie  (p.  807)... 
Will^'iLl.iilelp,  30-i).  .. 
Pol.Mirfe-yrit.Mii.  315)  .. 

L.,iiiiif(p.  3Ua) 

ArgenUte(p.  :i8») 

Iron  (p.  381) 

Oalena  (p.  287t 

JiutQiriieCp.  aSB) 

Atclriciiiiiabariti;  ip.  S92) 
Caaaiiialiie  p.  288). . . 
I}min]u<iilite(p.  288). .. 

AlllliLe^p.•^88} 

T[<;iii;iiHiite(p.  292) 

Hes,ile(i.,2b9)  

Copper  (|i.  2791 

Oianlltlt*  (p.  521) 

saver  (p.  aw)  

S|ietrylile(p.  802) 

Lead  (p,  379) 

I'nllHdiiim  (p.  281) 

Amalgam  (p.  2T9) 

PUUnnm  (i>,  280) 

Oold{p,  27.^)  

Ii1(iiuiii(p,  380) 


CRYSTALLIZATION   TETRAGONAL. 
A.  LusTBB  Unkbtallic. 


MellUe  (p.  543) 

■DHPipskitelp.  517).. 
Apo^7llit«(p.453). 
LOweiti-(p.  TASi  .... 
£c(lcinile(p  516).... 
Snrcnilt*?  (p.  436).... 
MTialiletp.  426),.., 
Mlzzonile  (Dipyre).  (426) 
WoTDMite     (SciipoHte), 

(p  4361 

Meionlta  (p.  425) 

EiiiiijiionliL-(p.  460) .... 


n.ii 


21)  . 


MdilitB(p.428) 

OelileullcCp.  427) 

Meliplianite  (p.  407)  .. . 

Sellaliotp.  831)  

Zeitiierflc  (p.  S15) I 

Piiinoite  (p.  520)  

TMUvianiM  (p.  428) 


1«4 

2-2-5 

23-S-4 

4-5-5 

3-86 

2.^3 

6-9-7-1 

2-,'S-8 

3  54-aOi 

0 

3-S7 

5-5-« 

3-63 

5-5-6 

3B6-2-78 

6  5-« 

2-70-2-7^ 

6  5-6 

2-70 

4-4  5 

2-84-2  91 

8-5-4 

5 

2-9-31 

BB-6 

801 

(Wi-5 

5 

8-3 

8-37-3 ■SI 

S-4 

3-85-3  43 

«5 

Ovi- 

628 

3-fr^ 

6-2-6-7 

5-63 

6-4-6  6 

5  5-« 

6-7-6  8« 

6 

6-87 

50 

697 

3-5 

7-0 

7-2-7-36 

»-2-5 

7-8-7  8 

4-5 

74-7-6 

80-8 

7  5 

35 

7-8 

8 

7-6-8-8 

2-&-fi 

80 

8-0 

8-16 

8 

8-2-8-5 

28 

8-3-89 

8-5-S 

8  8-8-9 

9-97 

5-5 

10-1-11-1 

8-5-8 

10-6 

«-7 

113-116 

4  5-5 

18-7-141 

3-8-5 

14-19 

4-4-5 

156-19-8 

8-6-8 

Torbemit*  (p.  516). 
Tnp|»);..i(i^(I>,  fllft)  . 
Octahedrite  (p.  340) 

Rutile(p,  ^4.';)  

ZsdoUum  (p.  494).. 
Powelllle  {p.  541)  . . 
Thorite  (p.  430)  . . 
F.rRiisotiile  (p.  490) 

Zircon  (p.  428)  

Rnmeile(p.516),... 
■Sipylire  (p.  490)  ... 
GtiiioniiiHie  (p.  408), 
8cbeeme(p.  5401... 
Phosganlt*  (p.  364). 
0>tomel(p.  817)  .. 
Wulfeiilte-(p.  541)  . 
Caii*U0rite  |p.  344).. 
MiUl-Hiiti^  p  332).. 
Titpinllte(p.  493).... 
Slolzile...   ,. 


84-8-6 

2-8-6 

8-8-8-95 

S-S-6 

418-4-3.' 

6-«-5 

4-45-4-5( 

4-5 

4-63 

s.i 

4-4-5  4 

45-5 

4-4-5-8 

5-5-B 

7  5 

4-71 

55-fl 

489 

fl 

6'74 

8 

6-6  09 

8  75-3 

648 

1-8 

6-7-7  0 

275-8 

6  8-7-1 

6-7 

73 

8-5-8 

786-7-6, 
7-87-8- li 

6 

3-76-3 
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B.  Luster  Metallic  (and  Submstallic). 


Ohalcopyrite  (p.  297). . . 

Rutile  (p.  845) 

Feigusoiiite  (p.  490) 

Hausmannite  (p.  842). . . 
Brauiiite(p.  848) 


Specific 
Gi*avity. 


41-4-8 

4-4-5-8 
4-7-4 -86 
475-4  82 


Hard- 

uetis. 


3-5-4 

«-e-5 

5-0-6 
5-5-5 
tt-6-5 


Poliauite(p.  345) 

Heiuite(p.  542) 

Uaucbecoruite  (p.  295). 

Tapiolile(p.  492) 

Pittttnerite  (p.  346) 


Specific 
Gravity. 


Hard- 
ness. 


4-84-5  0 
6-6  4 

6-4 
7-86-7-5 

8-5 


6-6-5 

4 

5 

6 
5-55 


III.     CRYSTALIZATION  HEXAGONAL.* 
Rbombobedrul  species  are  distiuguisbed  by  a  letter  R. 
A.  Luster  Unmetallic. 


Ice  (p.  831) 

Cyprusite?  (p.  637) 

EttriDgite  (p.  538) 

Tbauuiasite  (p.  483) . . . . 

Qmelinite  (p.  459)  li 

Ooqui  111  bite  (p.  585)  R.  . 

Ulabite  (p.  586)  R 

Ohabazite(p  458)R.... 

LevvDile  (p.  459)  R 

Hydi-ODepbelite?(p.  468). 

Soda  niter  (p.  517)  R 

Tndymile(p.  328) 

6ruoite(p.  851)  R. . 

Oancrinite  (p.  411) 

Microsommite  (p.  411). 
Kaliopbilile  (p.  410).... 
Carpbosi(1erite?(p.536)R 
MetavoUine  (p.  537) . . . . 
Ohalcophymte(p.  51 1  )R. 

NepheUte(p.  409) 

Hanksite(p.  680) 

Ferronatrite  (p.  5S6)  R. . 

Milarile  (p.  869)     

Aphlbitali  e  ^n  523)  R.. 

Quartz  (p.  824)  R 

Beryl  (p.  405) 

Eucrvptite  (p.  410) 

Alunit«(p.  587)  R  ... 
PenniDitecpRPii  .>  f  p.  474)  R 

Oalclte(p.  854)  R  

Alumian  (p.  580) 

CrttHpleiile  (p.  407)    

Dolomite  (p.  STyl)  R  . . . 
Martinite(p  510)  H  .... 

Emlinlvte  (p.  407)  R 

Ankerite  (p.  35S)  R  .  . . 
Phenacite(p.  428 1  R.  ... 
Tourmaline  (p.  447)  R   . 

Mapnesite  (p   858)  R 

Pyro^snialile  (p.  424)  R. . 
Fiiedelite  (p.  424)  R  ... 
Spaugolite  (p.  580)  R... 
ApaUte  (p.  497) 


0  9 
1-75 
1-75 
1-88 
2-04-2-17 
2-09 

206-216 
2-09-216 

2  26 

2*26 
2-28-283 
2-88-2-4 
2-42-2-5 

2-44 

2  49 

2-50 

2-63 
2-44-2-66 
2-55-265 

2-56 

2-56 

2-57 

264 

2-65 

2  6l-2-7:2-80 

2-67 

J^-67 
2-6-2-85 

2-71 

2-74 

2-8 

2 -8-2 -9 

289 
291-293 
2  95-3  1 
2-97-3  0 
2-98-3-20 
8-0-3  12 
3-06-819 

307 

314 
8-17-3  28 


1-5 

2 

2-2-5 

35 

4-5 
2-2-5 

4-5 
4-45 
4-5-6 
1-6-2 

7 

26 

6-6 

6 

6 

4-4-6 

2-6 

2 

6  •5-6 

8-3-5 

2 
5-5-6 
a-8-5 

7 
7-5-8 

35-4 

2-25 

3 

2-3 

6 

35-4 

5-5-5 

3-5-4 

7-5-8 

7-7-5 

8-5-4-5 

4-4  5 

4-5 

2 

6 


Jarosite  (p.  587)  R 

Raimoudite  (p.  586) 

HamliDite<p.  503)  R 

Pyrochroite  (p.  851)  R. 

Jeiemejevite  (p.  518). . . 

DiopU8e(p.  424)  R 

Svaiiberyite  (p.  516)  R.  . 

Ci  onstedtite  (p.  476)  R.. . 

Ht  matolite  (p.  507)  R.   . 

CouDellite  (p.  580) 

Mesiiite(p.  369)  R 

Rhodochrosite  (859)  R. . 

Svabite(p.  601) 

Siderite(p.  869)  R 

Rbabdopbaiiite(p.609)R. 

Will tzite  (p.  295) 

Corundum  (p.  838)  R. . . 

WUIemite  (p.  422)  R.... 

Spbaeroccbaltite  (861)  R.. 

Mc-lniiocerite  (p,  407)  R.. 

Tritomite  (p.  407)  R... 

NordeDskiOUIine  (518)  R. 

Caryocerite  (p.  407)  R... 

Parisite  (p.  864) 

Bmithsonite  (p.  860)  R.. 
Beudantite  (p.  516)  R.  . . 
Plumbogummitt?  (p.614) 
Cappelenite  (p.  407). . . . 
Qreenookite  (p.  294).... 

Hematite  (p.  834)  R 

XantbocoDite  (p.  815)  R. 

Zincite(p.  882) 

ProusUte    p.  811)  R... 

Iodyrite(p  319) 

Fluocerile  (p.  322) 

P3rrarg3rrit«  (p.  811)  R. 

Peiifiehlile  (p.  322) 

Burysilile  (p.  408) 

Ty8(»nite(p.  321) 

Pyromorphite  (p.  499) 

Vanadinite  (p.  500) 

MimeUte(p.  500) 

Cinnabar  (p.  293)  R  . . 


8  20 
8-20 
3-28 
8-26 
328 
8  28-8-36 

3  80 
8-86 
8  86 
886 

3-8a-8-42 

8  46-3  60 

3-52 

3  83-3  88 
8-94-4  01 

8-98 
8  96-4  10 
8  94-4  19 
402-4-13 

4  18 
4  20 
4-20 
4-29      ; 
4  86 

4-80-4  45 
4-4-3     ! 
4-49 
4-41 

4  9-5  0 
4-9-6  3 

5-5-2 
6-4-67 

6-6  ' 
6-6-5  7  ' 
5-7-6-9 

6-85      I 

6-11 

6  13 

65-71   I 

6-66-6-86 

7  0-7-25  ; 

8  0-8-2  i 


2-5-3-6 

3 

4-5 

2-6 

6-6 

6 

6 

86 

8-6 

8 

3-6-4 

8-6-4-5 

5 

86-4 

85 

8-6-4 

9 
6  5 
4 
6-6 
5-6 
56-6 
5-6 
4-5 
6 
3-5-45 
4-5 
6-66 
8-3-6 
5-5-6-5 

2 
4-4  6 
2-2-5 
1-1-5 

4 
25 

3 
4-6-6 
8-6-4 

8 

8-6 

2-2-5 


*  Some  pseudo -hexagonal  species  are  iocluded. 


560 


APPENDIX   B. 


B.  LuBTBK  Metallic  (akd  Submstallic). 


Graphite  (p.  278)  R.... 
Ohnlcophuuite  (p.  852)R. 

Ilmeiiite(p  886)  R 

Covelliif  (p.  294) 

PjrrrhoUte  (p.  296) 

Molybdenite  (p.  285)... 
L&iigbniiite  (p.  446)  . . . . 
Hematite  (p.  884)  li... 

MiUerite  (p.  295)  R 

Anienio  (p.  274)  R 


Speciflo 

Hard- 

QtHTliy. 

ness. 

2)-2-2 

1-1-5 

3-91 

25 

4-5-5 

5-6 

46 

1-5-2 

46 

8 -5-4 -5 

4  7-4-8 

1-1-5 

4112 

6-5 

5-2-5-8 

5-5-6-5 

5*3-5  65 

8-8-5 

5  6-5-7 

85 

Fyrargirrite  (p.  311)  R.. 
TeUurium(p.  275)  li. .  . 
Allenioniiie  (p.  275)  R... 
Antimony  (p  275)  R... 
TetratiVniite  (p.  284)  R.. 

NiccoUte(p.  295) 

BreiihHuptiie  (p.  296)... 

Cinnabar  (p.  293)  R 

Bismuth  (p.  275)  R 

Iridosmine  (p.  280)  R . . . 


Speciflo 
Gravity. 


IV.    CRYSTALLIZATION  ORTHORHOMBIC. 
A.  Luster  Unbietallic. 


Teschemacberite  (p.  864) 
Tbermonatrite  (p.  866).. 

CarnRllile(p  322) 

Struvite(p.  507) 

Epsomite  (p.  533) 

Mascagnitc  (p.  523) 

Nesquehonite  (p.  866).. . 

Goslarite(p.  533) 

Moreuosite  (p.  538) 

Sulphur  (p.  273) 

Liudackerite  (p.  516). . . . 

Newberyite  (p.  510) 

Niter  (p.  517) 

Sideronatrite  (p.  537).... 

Fliiellite  (p.  822) 

NatroHte(p.  461) 

Okeiiiie?(p.  452) 

Felsbbanjrite  (p.  587). ... 
Thomsonite  (p.  462). . . . 

WaveUite(p.  512) 

Hambergite  (p.  518). . . . 

Pirssonite  (p.  366) 

Sulfoborite  (p.  521) 

Fiscberite  (p.  512) 

Peganite(p.  512) 

Elpidite  (p.  407) 

Howlite?(p.  519) 

Prehnite  (p.  442) 

Anhydrite  (p.  528) 

Aragonite  (p.  861) 

Spodiosite?  (p.  502)  .... 
Leucopbanite  (p.  407). . . 

Danburite  (p.  480) 

TyrolUeip.  511) 

Harstigite  (p.  442)....   . 

Ri'ddiiiglte  (p.  508) 

BtTtmndiie  (p.  446) .... 

LHiitlianite  (p.  866) 

Iolite(p.  407) 

Thenardite  (p.  528) 

Hopeite  (p.  507) 

Pbospbosiderite  (p.  510). 


1-45 

1-5 

15-1-6 

1-1-5 

1-6 

1-15 

1-65-1-7 

2 

175 

2-2  5 

1-77 

2-2-6 

184 

2-5 

1-9-21 

2-25 

2-0 

2-2-25 

2  07 

1-5-2-5 

2-0-25 

1^2  5 

210 

8-8-5 

2-09-2-14 

2 

215 

2-2-5 

217 

8 

2-20-2-25 

5-5  5 

228 

4-5-5 

2  38   • 

1-5 

2-a-2-4 

5-5-5 

2*88 

8  5-4 

2  35 

7-6 

2  85 

8-35 

2  88-2-45 

4 

2  46 

5 

2-50 

8-8-6 

2-52-2-59 

6-5-7 

2-55 

8-5 

2-8-2-96 

6-6-5 

2  90-2-98 

3-8-5 

2-94 

85-4 

2*94 

6 

2  96 

4 

2-97-302 

7-7-25 

80-8-1 

1-5 

3  05 

5-5 

810 

8-8-5 

2-6 

6-7 

2-6 

2-5-3 

2  6-2  66 

7-7-5 

3-68-2-69 

2-3 

2-76 

2  5-3 

2-76 

3-75 

Talc  (p.  479) 

Beryllonite  (p.  496) 

Haidingerile  (p.  510). . . . 

Strengile(p.  510) 

Lawsonite  (p.  447) 

Humite  (p.  448) 

AnthophyUite  (p.  898).. 

Andaluaite  (p.  482) 

EnsUUte  (p.  884) 

Autunite  (p.  515) 

Mouticellite  (p.  422) 

Eo^pbonte  (p.  514) 

Cbildrenile  (p.  518) 

SiUimanite  (p.  433) 

Scorodite  (p.  509) 

Lossenite  (p.  516) 

Forsterite  (p.  422) 

Duniortieiite  (p.  449). ... 
Kornerupine  (p.  451)  . . . 

Zoi8ite(p.  437) 

Dufrenite  (p.  506) 

Ohrysolite  (p.  420) 

Warwickite  (p.  518) 

Eucbroite  (p.  511) 

Aslropbyllite  (p.  487). ... 

Diaspore  (p.  848) 

Niitrophilite  (p.  496)  .... 

Cenosite  (p.  488) 

Gerhardtite  (p.  517) 

Hypemthene  (p.  885). .. 
Uranosptuite  (p.  515).... 

Guaiinlte(p.  487) 

Calamine  (p.  446) 

Litbiophilite  (p.  496).... 

Topaz  (p.  481) 

Langite  (p.  536) 

Uranocircite  (p.  515). . . . 

Triphylite  (p.  496) 

Epididyinile  (p.  369)..   . 

Mazapilite  (p.  614) 

Hematibrite  (p.  511) ... . 
Chrysoberyl  (p.  842) ... 


585 

6  1-63 

6-2 

6-7 

7-2-76 

7-3-7-67 

7-54 

8-0-8-2 

9-7-9-8 

19-8-21  1 


Hard- 


2-5 
^2-5 

3-5 
8-3-5 
1-5-3 
5-5-5 

55 
3-2-6 
a-2-6 

6-7 


9.7-2-8 

1-1-5 

2-84 

6-6-6 

3-86 

1-6-2-5 

2-87 

8-4 

808 

7fr-a 

81-83 

6-6-6 

3-1-83 

6-5-6 

816-8-2 

7-5 

815-83 

5-6 

805-819 

^3-6 

8-08-3-25 

6-5-6 

8-11-8-15 

6 

818-8-24 

4-6-6 

8-24 

6-7 

31-8-8 

8-6-4 

8-2-8-88 

6-7 

8-26 

7 

8-27 

66 

825-8-37 

6-6-5 

3-23-8-4 

85-4 

8-27-8-87 

66-7 

8-36 

8-4 

8-89 

8-6^ 

8-8-8-4 

8 

8-3-35 

6-6-7 

8-41 

46-6 

8  41 

6-5 

848 

3 

8-4-86 

6-6 

8-45 

3-8 

8-49 

6 

8-4-86 

4-5-6 

8-43-8-66 

4-6-5 

8-4-8-65 

8 

8-49 

36-8 

8-58 

8-63-8-66 

45-5 

8-55 

65 

8  67 

4-5 

8  50-8*66 

8 

8-6-8  8 

85 
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A.  LusTKK  Unmbtallic. 


Ardennite  (p.  445) 

Libethenite  (p.  504). . . . 

8Uarolite(p.  450) 

Strontianite  (p.  362). . . . 

Broinliie  (p.  a62) 

AUcainite(p.  822) 

Uranophiiue  ip.  488) 

Fliiikiie(p.  506) 

Serpierite  (p.  536)  

Brochantite  (p.  580) 

Brookite  (p.  847) 

Pinakiolite  (p.  518) 

Oelestite  (p.  526) 

Ludwigite  (p.  518) 

Kiiebeliie  (p.  422) 

Tephroite  (p.  422) 

Carniiiiile  (496)  

Odthiie(p.  849) 

Fayalile  (p.  422) 

Olfveuile  (p.  504) 

Witherite  (p.  862) 

Adamite  (p.  505) 

Barite(p.  524) 

Derby  lit©  (p.  516) 


Specific 

Hard- 

Gravity. 

uetM. 

8  62 

6-7 

8  6-8-8 

4 

8-65-3 -75 

7-75 

8-68-871 

8-5-4 

8-72 

4-4-5 

876 

8-8-5 

8-81-8-9 

2-8 

8  87 

4-45 

3  91 

8  5-4 

8  87-4  07 

5  5-6 

8-88 

6 

8-95-8-97 

3-85 

8-91-4  02 

5 

8-9-41 

6  5 

4-4-12 

5-^-6 

4105 

2-5 

4  0-4  4 

5-5-5 

4-4  14 

6-5 

41-4-4 

8 

4-8-4-85 

&-8  75 

4-84-4-35 

8-5 

4-5 

2-5-8-5 

458 

5 

Pseudobrookite  (p.  843) . 

EuxeDUe(p.  498) 

Ceiile(p.  447) 

i£scbyuite  (p.  498) 

Polyci-ase  (p.  493j 

Cotuiiuite  (p.  821) 

VaieutiDiie  (p.  880) 

Samankiie  (p.  492) 

Yttrotuutulite  (p.  492). .. 
Melauo(ekite(p.  446). . . . 

AnnerOdite  (p.  493) 

Phoenicochroite?  (p.  529) 

Tellurite  (p.  880) 

Descloiziie  (p.  505) 

Keutrolite  (p.  446) 

Anglesite  (p.  527) 

Pijcberite  (p.  496) 

Oaledonite  (p.  580) 

Duviesiie  (p.  822) 

Lanrloiiite(  p.  822) 

Oeru88ite(p.  868) 

Nadoriie  (p.  516) 

Ocliroliie  (p.  516).. 

Mendipite(p.  822) 


Specific 
Uruviiy. 


Hard- 
ueM. 


4-89-4  98 

6 

4-6-5 

6-5 

4-86 

55 

4  93;  5  17 

5-6 

4-97-5  04 

5-6 

5-24-5-8 

2 

5-57 

a&-8 

5  6-5-8 

5-6 

5  5-5  9 

5-5-5 

5-7 

6-6 

5-7 

6 

5-75 

a-8-5 

5-9 

3 

5  9-6  2 

86 

619 

5 

6-12-6-89 

275-a 

625 

4 

6*4 

2-5-8 

8-3-5 

6-46-6-57 

3-3-5 

7  02 

8-5-4 

7-71 


2-5-8 


B.  LuBTER  Metallic  (and  Submetallic). 


Brookite  (p.  347) 

nvaiie  (p.  445) 

fiterubergile  (p.  290) 

Manganite  (p.  849).   . . . 

Enargite(p.  315) 

8Ubmte(p.  283) 

FaniatiDite  (p.  315) 

Kliiprotholite  (p.  808)... 
Witlichenlte(p.  310).... 

Euxenite  (p.  493) 

Chalcostibile  (p.  808).... 

Pyrolusite  (p.  847) 

Polyniigiiite  (p.  498). . . . 

Stylotypite  (p.  810) 

Marcaaite  (p.  802) 

.iCschinitc  (p.  493) 

Zinkenite  (p.  307) 

Andorile(p.  308) 

8urtorite(p.  308) 

Oolumbite(p.  490) 

Sundliic  (p.  308) 

Dufrenoysite  (p.  309)... 

Chalcocite<p  290 

Yttrotnntalite  (p.  492)... 

Jamesonite  (p.  308) 

Anner»(lite  (p.  493) 

Melauotekite  (p.  446)  — 


8-87-4-07 

4  0-4  05 

41-4 -2 

4*2-4-4 

4-48-4-45 

45-4-6 

4-57 

4-6 

4-5-5 

4  6-5 

4-75^5 

4  78-4  86 

4-';7-4  85 

4  8 

4  85-4-9 
4-93;  5-17 

5  3-5-85 
5  34 
5-39 

5  36-6  0 
55 

5  55 
5-5-58 
55-5-9 
55-60 

5  7 
57 


5-5-6 
5-5-6 
1-1-5 
4 
8 
2 
3-5 
2-5 
3-5 
6-5 
8-4 
2-2-5 
65 
8 
6-6-5 
5-6 
3-3  5 

8 

6 
8-4 

3 

2-5-3 

5-5-5 

2-3 

6 
6  5 


Bonmonite  (p.  810) 

Boolangeriie  (p.  809)... . 

Hiclmiic  (p.  493) 

Dinpboriie(p.  309) 

Olaucodot  (p.  304) 

Ar8eaop3rrite  (p.  308). . . 

KcDtrolite  (p.  446) 

Aikiiiite  (p.  810) 

8irom<»yeritc  (p  290). ... 

Stephaniie  (p.  814) 

Quauttjuutiie  (p.  2c'4).... 

Geocrotiite  (p.  814) 

Wolfnchite  (p.  804) 

Emplecliie(p.  308) 

Meuegliioite  (p.  313) 

Bismuthinite  (p.  284). . . 

Scbapbncliite  (n.  309) 

Allochisite  (p.  304) 

Cosalile  (|>.  309)  

Nagyagite  (p.  305; 

Hrt!nineKl)eri:ile  (p.  304). 

S:imorite(p.  304) 

TanUlite(p.  490) 

Liilliiigi'e  (p.  30:1) 

Acanthite  (p.  290) 

Kremieiitc  (p.  305) 

Dyscrasite  (p  288) 


5  7-5-9 

2-5-8 

5-75-6-0 

2-5-8 

5-82 

5 

59 

2-5-8 

59-60 

5 

5-9-62 

5-5-6 

6-19 

5 

n-1-68 

2-2-5 

6-15-6  3 

2-5-3 

62-63 

2-2  5 

6  25-6  6 

2  5-3-6 

6-3-6-45 

25 

6  37 

4  5-5 

6  :J-6  5 

2 

6-4 

25 

6-4-6  5 

2 

6-43 

86 

66 

4-5 

6  4-6-75 

2  5-8 

6  85-7  2 

1-1-5 

6  9-7-2 

55-6 

(i-9-7  3 

4-5^ 

7-7-3 

6 

7-0-7-4 

5-5  5 

7-2-7-8 

2-2-5 

8  35 

9  4-9-8 

3  5-4 
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V.    CRYSTALLIZATION  MONOCLINIC. 

A.    LUBTKR    UN1CBTALL.IC. 


Natron  (p.  366) 

MirabUite(p.  531) 

Wbewellite  (p.  542). . . , 

Sterconte  (p.  510) 

Aluiniiiiie  (p   537) 

Alunogeu  (p.  535) 

Borax  (p.  520) 

Boubsiugaultiie  (p.  535). 

ApjoliDUe?  (p.  535) 

Fibrofcirite?(p.536).... 
Melanterite  (p.  534). . . 

Ualoirichiie?  (535) 

Pickcriugile  (p.  535), . . . 
llydroboracite  (p.  521). . 
Qay-luBsite  (p.  366)  .. . 

Kr51iiikite  (p.  536) 

Diadocliite  (p.  516) 

Botryogen  (p.  537) 

Mordeuite  (p.  458) 

Kainile(p.  530)  ........ 

Quetenile?  (p.  588) 

Copiupite  (p.  586) 

Troiia(p.  367) 

Picromeriie  (p.  535). ... 

CasUiuite  (p.  536) 

QueDstedtiie  (p.  535). . . 

Heiiitzil(3  (p.  520) 

Uydroinagnesite  (p.  867) 

SUlbite  (p.  456) 

Scolecite  (p.  462) 

Brushite  (p.  510) 

Heolandite  (p.  454). . . . . 

Durapskiie  (p.  517) 

Phillipsite  (p.  455) 

Me9olite(p.  462) 

Blddite  (p.  535) 

Epistilbite  (p.  454) 

Gismoudile  (p.  457) 

Ijaumontite  (p.  457). 
Metabrusbite  (p.  510) 
Wellsile  (p.  455) 
Q3n;>8am(p.  531) 


Specific 
Gravity. 


'v  •   •   • 


Gibbsite  (p.  351) 

PetaHie  (p.  869) 

OolemaDite  (p.  510).  . 
Hautefeuillite  (p.  508) 
Brewstei-ite  (p.  454). . , 
Harmotome  (p.  456).. . 
Iloernesite  (p.  508). . . . 
Wapplerite?  (p.  510) . . 
Serpentine  (p.  476). . , 
Oalrio'errite  (p.  514). , 
Eudidymite(p.  369).. 
Orthoclaae(p.  870).. 
Kie8erite(p.  581)  .... 


1-44 
1-48 

1-615 

1-66 

1  -6-1  -8 

1-69-1 -72 

1-70 

1-78 

1-84 

1'9() 
1-9-2  0 

10-2  0 

1-94 

198 

2-035 
204-2  14 

208 
207-219 
2  08-214 

210 

2  12 
21-2  2 

212 

212 

213 

216 
2-16-2  20 
216-2-4 

2-21 
218-2-22 

2-20 

22 

21^2  4 

2-25 

2-25 

2-26 
2-25-2-36 

2-29 

2-28-2-37 

231-2-88 

28-24 

2-39-2-46 

2  42 

2  435 

2  45 
244-2-5 


Hard. 
nesB. 


1-1-6 
1-6-2 

2  5 
2 

1-2 
15-2 
2-26 

1-5 

2-2  5 

2 


2 

2-8 

2  6 

3 

2-2-5 

3-4 

2-6-3 

8 

25 

2-5-3 

8 

2-6 

4-5 

3-5 
3-6-4 
6-5 -5 
2-2  5 
3-6-4 

2-3 

4-4  5 

5 

2-5 
4-4-5 

4-5 
8-5-4 
2-5-8 
4-4-5 
1-5-2 
2*5-3-5 
6-6-5 
4-4  6 

25 
5 

4-5 


2-47 

1 

2-48 

2-2-5 

2-50-2-65 

2  5-4 

2-62-2-58 

25 

2  55 

6 

2-57 

6 

26: 

8-35 

Vivianlte  (p.  508) 

Syngeuite  (p.  584) 

KaoUnite(p.  481) 

Pbtirinacoliie  (p.  510).. . . 
Olinochlore  (p.  473). . . 

Pectollte(p.  395) 

Augelile(p.  513) 

aiauberite(p.  523) 

PolybaIile?(p.  535) 

Muscovite  (p.  464) 

LepidoUte(p.  467) 

BioUte  (p.  467) 

Phlogopite  (p.  469) 

Prochlorite  (p.  475) 

Hyalnpbatie  (p.  373) .... 
Ganopbvllite  (p.  452). . . . 

ZiDuwaldite  (p.  467) 

Ouspidiiie  (p.  442) 

Liroconite  (p.  514) 

Wollastonite  (p.  394) .... 
PyrophyUite  (p.  482). .. 

Prosopite  (p.  3*23) 

Coriindopbilite  (p.  476).. 

Isoclasite?  (p.  511) 

Carpholite  (p.  447) 

Datolite  (p.  435 

Pacbuoliteip.  323) 

Thomseuolile  (p.  323). . . 

OryoUte  (p.  821) 

Mosaiidi-ite  (p.  487) 

Brythrite(p.  509) 

Symplesiie  (p.  508) 

Cabrerile  (p.  509) 

BemuDite  (p.  513) 

Herderite  (p.  503) 

Margarite(p.  470) 

Amphibole  (p.  399).   . . . 

.Lazulite  (p.  506) 

WHgnerile  (p.  502) 

Xantbopbylliie  (p.  471).. 

Stjybertite(p.  471) 

Kbltigile  (p.  509) 

Buclase  (p.  436) 

Olaucophane  ( p  408) . . . 
Ludlamite  (p  518)..    . . 
Uerreiignindite  (p.  586). 

Cburchite?(p.  509) 

Ohondrodite  (p.  443). .. 
Olinohumite  (p.  448). . . . 

Prolrctile  (p.  443) 

Spodnmene  (p.  398) 

Iliircaulite  (p.  510) 

.Jolmnnite  (p.  588) 

Pyroxene  (p.  387) , 

Neptuniteip.  487) 


Specific 
Gravity. 


Hard. 


2-68-2-68 

2-60 
2  6-2-68 
2  64-3-78 
2 -65-2-78 . 
2-68-2-78 

27 
2  7-2  86 
2-77 
2  76-8 
2-8-2-9  I 
2  7-8-1   I 
2-78-2  86, 
2  78-->  96 
2  806 
2-84 
2-82-8-20 
286 
288 
28-29 
2  8  2-9 
2  89 
2-90 
2  92      j 
2  98 
2  9-3  0 
2  93-8 
293-8 
2  96-8 
2  98-8 
2  95 
296 
2  96 
2  98 
2  99-8  01 
2-99-8  06 
2  9-8  4 
806 
8  07 
8-09 
8-8  1 
81 
8-10 
8.10-811 
812 
818 
8-14 
81-8-2 
8-1-82 

818-8  2 

8185 

8-199 

8-2-8-6 

8  28 


1-5-8 

2-6 
»-25 
2-2-5 
2-2-5 

5 
4-5-5 
2-5-8 
2-5-a 
2-2-6 
2-6-4 
2^-3 
25-8 

1-2 
6-6-5 
4-4-5 
25-8 

5-5 
2-2-5 
4-5-6 

1-2 

4-5 

2-5 

1-6 

5-55 

5-5-5 

8 

2-8 

2-5 

4 

16-2  6 

2-5 
2 

5 
8-5-4  5 

5-tf 

5-6 
5-65 

4-6 

4-6 
2-6-8 

7-5 
6-6-5 

8-4 

2  5 
8-86 
6-66 
6-65 

6-6-7 
5 

2->25 
5-4( 
5-6 
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A.  Luster  Unmbtaluc. 


•  •  •  • 


JobDstrupite  (p.  487). . 

Bpidote(p.  488) 

Ruseubuschite  (p.  895) 

TrOgerite  (p.  515) 

Ottrelile?(p.471)... 
CliDohedrite  (p.  447) 

Jadeite  (p.  308) 

Homilite  (p.  486) 

Dickinsonite  ^p.  507). . . . 
Piedmontite  (p.  440). . . . 

WOblerite  (p.  895) 

SappbiriDe  (p.  451) 

Uiebeckitc  (p.  404) 

Fillowiie  (p.  607) 

Tripliie(p.  502)  

Orpiment(p.  282) 

liinkite  (p.  487) 

Arfvedflonite  (p.  405). .. 
Syuadelpbite  (p.  506).... 

TiUnite  (p.  48.5) 

Acmite  (p.  891) 

Veszel^'ite  (p.  511) 

L&vemte  (p.  895) 

Ohloritoid?  (p.  471).... 

Keiliiuuite  (p.  487) 

Dietzeite  (p.  517) 

Triploidile(p.  502) 

Realgar  (p.  282) 

Barvtocaldte  (p.  864) 

Adelite.  Tihisite  (p.  502). 
Cbalcoinenite  (p.  588). . . 


Specific 
Gravity. 


8-29 

8-25-85 

88 

8*8 

88 

8  88 
888-8-85 

8-88 

8-84 

8-40 
8-41-8-44 
8  42-3-48 

8*48 

8-48 

844-88 

84-85 

846 
8  44-8-45 
8-45-8-50 
8  4-8  56 
8*5-8  55 

3-58 
851-8-55 
8  52-3  57 
8-52-8  77 

8*70 

8-7 

8 

8 

3*74 

8-76 


'^ 


6-7 
5-6 

6-7 

5*5 
6-5-7 

5 
8-5-4 

6-5 
5-5-« 

7-5 

45 

4-5-5 

1-5-2 

5 

6 

4-5 

5-5-5 

6-6-5 

8-5-4 

6 

6-6 

65 

8-4 

4-5-5 

1-5-2 

4 

5 


Aziurite(p.  865) 

Alluctl(e(p.  506) 

AUanite  (p.  440) 

Clttudetite  (p.  880) 

Malachite  (p.  864) 

DurHngite(p.  508) 

PartschJDite  (p.  419). . . . 

Oadolinite  (p.  486) 

Barylite(p.  408) 

Tagilite(p.  511) 

Dibydrite  (p.  505) 

Sarkiuite  (p.  502) 

Pvrostilpuile  (p.  812).... 
dlinoolaiiie  (p.  505) .... 

Kermesite  (p.  805) 

Lautaiite(p.  517) 

Monazite  (p.  495) 

liinarite  (p.  580) 

LoruDdite  (p.  808) 

Baddelevite  (p.  846) 

VauqueiiDite  (p.  529).... 

Orocoiie  (p.  529) 

Agricolite  (p.  419) 

Tenorite  (p.  882) 

Leadhilliie  (p.  580) 

I<anarkiie  (p.  580) 

Atelestite  (p.  507) 

Fiedlerite  (p.  822) 

Htibnerite(p.  589) 

Ra8pite(p.  541) 


B.  Luster  Metallic  (and  Subhetallig). 


Allanite  (p.  440) 

CredDerite  (p.  348) 

Miarg3nrite  (p.  808) 

Plagionite  (p.  308) 

liittlngerite  (p.  812) 

Semseyite  (p.  809) 


3-5-42 

65-6 

49-51 

4-5 

5-1-6  8 

2-2  5 

54 

25 

5-63 

2-2  5 

5-96 

2-8 

Polybasiie  (p.  814) 

Pearceite  (p.  815)     

Freietlebeniie  (p.  809).. 

Jordanite  (p.  818) 

Wolframite  (p.  589) 

Sylvanite  (p.  804) 


VI.    CRYSTALLIZATION  TRICLINIC. 
A.  Luster  Unmetallic. 


Snssolite  (p.  352) 

Lansfordite  (p.  867) 

Hannayite  (p.  510) 

Amui-antite  (p.  536) 

Ohalcanthite(p  584).... 

R5merile(p.  536) 

Microcline  (p.  378) 

Albite(p.  877) 

OUgocla8e(p.  378) 

Andeaine  (p.  379) 

Labradorite  (p.  879) 

Anorthite  (p.  880) 

Mon elite  (p.  507) 

Inesite  (p  452) 

Amblygonit^  (p.  508)... . 


1-48 

1-54 

1-89 

211 
212-2-80 

2-17 
2*54-2 -57 
2  62-2*65 
2  66-2  67 
2-68-2-69 
2*70-2  72 
2-74-2*76 

2-75 

8  03 
8-01-8-09 


1 
25 

2-5 
25 
8-8*5 
6-6*5 
6-6-5 
6-6*5 
6-6*5 
6-6*6 
6-6-5 
85 

6 

6 


Fairfieldile  (p.  607) 

Messelite  (p.  507) 

Cbalcosiderite  (p.  514). . 
Azinite(p.  441)... 

Hiortdiiblite  (p.  896) 

B.ibingtonlte  (p.  896).... 

Oelsian  (p.  381)  

Rhodonite  (p.  895) 

Trimerite  (p.  424) 

Cbloritoid?  (p.  471) 

Roselite  (p.  507) 

Oyaiiite(p  484) 

Brandtite  (p.  507) 

^nigmatite  (p.  405) 

Walpurgite?  (p.  515) 


Specific 
GraTlty. 


8-77-8-83 
8*88-3  85 
8-5-42 
885-4-16 
8  9-4  08 
8-94-407 

4  0 

4-0-4-5 

408 

4-08 

4-4  4 

4-18 

4  2 

419-4*86 

4-/V-46 

4-59 

49-58 

6  8-5*45 

5-58 

5-5;  6*026 

5-8-6*1 

5*9-6-1 

6-0? 

6-8-6-26 

6-2(M5-44 

6-8-64 

6-4 

72-7-6 


60-62 

6-15 

6-2-6-4 

689 

7-2-7-6 

7-9-8-8 

Hard- 
ness. 


86-4 

4-5 
65-6 

2-5 
86-4 

6 

6-5-7 

6-5-7 

7 

8-4 
4-Ch6 

4-6 

2 

26-8 

1-1-6 

6-65 

2-5 
1^2-5 

6*5 
25-8 
2-5-8 

8-4 

2*6 
2-2-6 
8-4-5 

(«6 


2-8 

8 
1^2  6 

8 
6-6-6 
1*6-3 


8-10 

8-5 

8-5 

8-11 

46 

8-27 

6*6-7 

3-27 

5-6*6 

8-35-8*87 

5-6-6 

3  87 

5-6-6 

84-3*68 

6-5-6-5 

8-47 

6-7 

8-52-8-^ 

6-5 

8*5-8*6 

8-6 

8-56-8-67 

5-7*26 

8-67 

6-5-5 

885 

5  76 

8-6 
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II.  CRYSTALLINE  HABIT. 

L  ISOMETRIC  SYSTEM. 

lu  the  following  lists  some  species  are  enumerated  whose  crystalline  habit  is  often  so 
marked  as  to  be  a  distinctive  charucter. 

Cubes. — Metallic  Luster  :  Galena;  Pyrite. 

Um METALLIC  Lu8T£K :  Fluorite;  Cupriie;  (Jerargyrite;  Halite;  Sylvite;  Boracite;  Phar- 
macosidtriite.     Also  Percy  lite;  Ccrargyrite;  Perovskite. 

Cude-Uke  forms  occur  with  the  lollowiug :  Apophyllite  (tetragonal);  Cryolite  (mono- 
cliuic).  Also  with  the  rhombohedrai  species:  Chabuzite:  Aluuite;  Calcite;  rarely  Quarts 
and  Uematife. 

Octahedrons.— Metallic  and  Submbtallic  Lubter  :  Magnetite;  Franklinite;  Chn>> 
mite;  Urauiuite.     Also  sometimes,  Galeua;  Pyrite;  Liuuieiie;  Dysanulyte. 

Unmktallic  Luster  :  Spinel  (iucl.  Hercyuiie  and  Gahnite;;  Cuprite;  Diamond;  Pyro- 
chlore  uud  Microliie;  Kalstouite;  Peiiclase;  Alum. 

Forms  somewhat  resembling  regular  octahedrons  occur  with  some  tetragonal  species,  as 
Brauuiie;  iiausmauuiie;  Chulcopyriie;  Zircon,  etc.;  also  with  some  rhomlxihedrai  species* 
as  Dolomite. 

Dodecahedrons.— Metallic  Luster  :  Magnetite;  Amalgam. 
Umiietallic  Luster  :  Garnet;  Cuprite;  Sodalite. 

Trapezohedrons. — Unmetallic  Luster  :  Gurnet;  Leucite;  Analcite. 

P3rritohedrons.— Metallic  Luster  :  Pynte;  Cobaldte.  Also  Gkrsdorffite;  Haaerite 
(submetallic). 

Tetrahedrons.— Metallic  Luster  :  Tetrahedrite. 

Unmetallic  Luster  :  Sphalerite;  Boracite;  Helvite;  Eulytite;  Diamond. 

The  tetragonal  sphenoids  of  Chalcopyrite  may  resemble  tetrahedrons. 

11.  TETRAGONAL  SYSTEM. 

Square  Pyramids.- Submbtallic  Luster  :  Braunite;  Hausmannite. 
Unmetallic  Luster  :  Zircon;  Wulfenite;  Vesuvianite;  Octnhedrlte;  Xenotime. 

Square  Prisms.— Unmetallic  Luster  :  Zircon;  Vesiiviauite;  Scapoliles;  Apophyllite; 
Phosgenite. 

Square  tabular  crystals  occur  with  Apophyllite;  Wulfenite;  Torbernite. 

Prisms  nearly  square  are  noted  with  a  number  of  orthorhombic  species,  e.g..  Topaz; 
Andalusiie;  Danburite. 

III.  HEXAGONAL  SERIES. 

Hexagonal  Prisms.— Unmetallic  Luster  :  Beryl;  Apatite;  Pvromnrphfte;  Yanadinite; 
Mimotite  (usually  indistinct  rounded  forms.  Also  Nephe1ite;Mi1ante:  Tysonlte,  and  others. 

Hexaffonal  prisms  are  also  common  with  the  rhamhohedral  species :  Quartz;  Calcite;  Tour- 
maline; Willemite:  Phenarite:  Dioptase.  etc.  Again,  with  the  Micas,  etc.  Numerous  rare 
specios  could  be  Included  here. 

Many  ortTtorhomhie  (or  monoelinie\  sppcieshnvine  a  prismatic  an^le  of  about  60*  (and 
120')  simulate  this  form  both  In  simple  crystals  and  still  more  as  the  result  of  twinning. 
Thus,  ArajTonlte:  Strontlanlte;  Leadhllllte:  lollte.  It  Is  also  to  be  noted  that  the  isometric 
dodecnhedron,  e  «r..  of  Gnmet,  hns  often  the  form  of  a  hexagonal  pyramid  with  trihedn! 
terminations  (cf.  Pier.  442.  p.  184).  

Tabnlnr  hexaironnl  prisms  are  noted  with  vsrious  species.  Thus,  Metallic  Lustkb  : 
Hematite;  Ilmenlte:  Pyrrhotite.     Unmetallic  Luster  :  Tridymlte. 

Hexaflronal  Pvramids.— Apatite:  Conmdum  (rhombohedral);  Quartz  (rhombohedral- 
trappzohpdml^:  Unnkslte. 

This  form  Is  ofton  simulated  bv  various  orlhorTtomUr.  species,  in  part  as  the  remiU  of 
twlnnln<?.  For  oxnmnie.  MKTALTjr  luster  :  Chnlcoclte;  Stephanlte;Polybaslte;  Jordanlte, 
etc      Also  Brooklfp  (Fiir.  J?ni    n   P4) 

UxMKTALTJO  Lu«TEn  :  WlJherite;  BromlUe;  Cerussite;  lollte. 

Trigonal  Prism. — Tourmaline. 
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RhombohedroiiB.— Angle  75*  (aDd  105") :  Calcite;  Dolomite;  Siderite;  Rhodocbrosite. 
Angle  not  far  from  OO**:  Cliabazite;  Al  unite. 

SoalenohedroiiB. — Calcite  and  allied  Carbonates;  Proustite. 

IV.  ORTHORHOMBIC.  MONOCLINIC  AND  TRICLINIC  SYSTEMS. 

Prismatic  Crystals. — Mbtallic  Lustbb  :  Stibnite;  Arsenopyrite;  Boumonite;  MaDg»- 
nite;  GOthite,  etc. 

Unmh-tallig  Luster  :  (orViorhombU)  Topaz;  Staurolite;  Andaliisite;  Barite;  Celestite; 
Dauburite.     Al»o  (monociinie)  Pyroxene;  Ampiiibole;  Ortboclase.  and  many  others. 

Epidole  crystaU  are  often  prismatic  in  aspect  (Fig.  b60,  p.  488). 

Tabular  Crystals. — Burite;  Cerussite;  Calamine;  Diaspore;  Wollastonite. 

Acioular  Crystals.— METALLIC  Luster  :  Stibnite;  Bismuthinite;  Millerite;  Jamesonite; 
Aikiuite,  anii  other  species. 

Ummktallic  Luster  :  Pectolite;  Natrolite;  Scoleclte;  Tbomsonite,  and  other  Zeolites. 
Also  Arugouiie;  Siroutiuuite;  less  often  Calcite.     Also  many  other  species. 


Twin  Crystals. — The  habit  of  the  twins  occurring  with  many  species  is  Tery  character- 
istic. Reference  is  made  to  pp.  118  to  130  and  the  accompanying  figures  for  a  presentation 
of  this  subject. 

III.    STRUCTURE   OP   MASSIVE  MINERALS. 

Fibrous. — Fibers  separafde :  ABbcstus  (timphibole);  also  the  similar  asbestiform  variety 
of  serpentine  (chrysotile);  Crocidulite  (color  blue). 

FUfers  not  teparabU,  chiefly  itraighi  :  Calcite;  Gypsum.  Also  Amgonite;  Barite;  Celes- 
tite: Anhydrite;  Brucite;  £ustatite;  W  ollastonite;  Dufrenite;  Vivianite.  See  also  Columnar 
below. 

Fibrous-Radiated. — Wavellite;  Thomsonite;  Natrolite;  Stilbite,  and  other  Zeolites; 
OOthite;  Malachite. 

Columnar.— Metallic  Luster  :  Stibnite;  HcmuUte;  Jnmesonite;  Zinkenite,  etc. 

Unmbtallic  Luster  :  Limonite;  GOthite;  Amgonite;  Amphiliole  (trcmolite.  actinolite, 
etc.);  Epidote;  Zoisite;  Tourmaline;  Sillimanile;  Natrolite  nnd  other  Zeolites;  Strontianite; 
Witheriie;  Topaz. 

Cyauite  has  often  a  bladed  structure. 

Fibrous  and  columnar  varieties  pass  into  one  another. 

IiamellarStellate.— Gypsum;  Pyniphyllite. 

Foliated— Metallic  Luster:  Giaphite;  Molybdenite;  Tetiadymite;  Stembergite; 
Naarvapfiio. 

Unmbtallic  Luster  :  Tnlc:  Orpiinent;  Gypsum;   Pyrophyllile;  Serpentine;  Gypsum. 

Micaceous. -The  Mica<.  p.  463:  also  the  Brittle  Micas,  p.  470,  atd  the  Chlorites,  p.  472. 
Also  Brucite:  Orpiment;  Talc;  Torbernite;  Autunite. 

Granular.- Metallic  Luster:  Galena;  Hematite.  Many  sulphides,  sulpharsenites, 
etc..  have  varieties  which  are  fine-granular  to  compact  and  impalpable. 

Unmetallic  Luster  :  Pyroxene  (coccolite);  Garnet;  Calcite;  Barite,  etc. 

Botryoidal,  Mammillary,  Reniform,   etc.— Metallic    Luster:  Hematite;    Arsenic; 

Allemontile.  ,       ^^  t     ^  wr 

Unmetallic  Luster  :  Malachite;  Prehnite;  Calamine;  Smithsonite;  Chalcedony;  Hya- 
lite: Sphalerite,  etc. 

Btalactitlc— Metallic  Luster  :  Limonfte:  PsHomelane;  Marcasite. 
Unbcetallic  Luster  :  Calcite;  Aragonite;  Gibbsiie;  Chalcedony. 

IV.  PHYSICAL  CHARACTERS. 
I.  CLEAVAGE. 

Cubic  —Metallic  Luster  :  Galena  ..,,.,       m  ^      «*  v 

Unmetallic  Lustew  :  Halite:  Sylvfte.  The  cleavage  of  Anhydrite  (also  of  Cfyollte) 
simulates  this.     Cf .  also  Corundum,  p.  888. 
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OoUhedral.— Fluorite;  Diamond.    Magnetite  (also  Franklinite)  has  often  distinct  octa- 
hedral parting. 

Dodeoahodral.  — Sphalerite. 

Rhombohedral.— Calcite  and  other  species  of  the  same  group,  pp.  854-860. 

Square  Priamatic  (90*).~Scapolite;  Kutile;  Xenotime. 

Prismatic. --Barite;  Celestite;  Amphibole  (54**  and  12fi*'),  etc. 

Basal.— Met AI.LIC  Luster  :  Graphite;  Molybdenite. 

Unmetallic  Luster  :  Apopbyllite;  Topaz;  Talc;  the  Micas  and  Chlorites;  Chalcophyl- 
lite,  etc.     Pyroxene  often  shows  marked  basal  parting. 

Pinacoidal. — Metallic  Lubter  :  Stibnite. 

Ummbtallic  Luster  :  Gypsum;  Orpimeut;  Euclase;  Diaspore,  etc. 


II.  HARDNESS. 


1.  Soft  Minerals.— The  following  minerals  are  conspicuously  fioft,  that  is,  H  =  2 
or  less;  4 hey  hence  have  n  greasy  feel.     (See  further  the  Tables,  pp.  557  to  5tt8.) 

Metallic  Luster  :  Graphite;  Molybdenite;  Tetradymite  ;  Sternbergite ;  Argentite; 
NaffVHgite;  some  of  the  Native  Metals  (Lead.  etc.). 

Unmetallic  Luster  :  Tnlc;  Pyrophyllile;  Brucite;  Tyroliie;  Orpiment;  Cerargyrite; 
Cinnabar;  Sulphur;  Gypsum. 

Also  Calomel,  Arsenolite,  and  many  hydrous  sulphates,  phosphates,  etc. 

2.  Hard  Minerals. — Minerals  whose  hardness  is  equal  to  or  greater  than  7  vQuartz  =  7). 
The  following  minerals  are  here  included: 

Luster  Unmetallic. 


Quartz  (p.  824) 7 

Tridymite(p.  328) 7 

Burylite  (p.  408) 7 

Dumortierite  (p.  449) 7 

Daiiburite  (p.  430) 7-7-25 

BORAGITE  (p.  518) 7 

Zunyite  (p.  415). 7 

Cyanite  (p.  484) &-7  -25 

Tourmaline  (p.  447) 7-7*5 

Garnet  (p.  415) 6-5-7-5 

loLiTEfp  407) 7-75 

Stauuolitb  (p.  450) 7-7*5 

8oliorIomile(p.  419) 7-7*5 

Sapphirine  (p  451) 7*5 

Euclase(p.  436) 7*5 


Hambcrgite  (p.  618) 7*5 

Zircon  (p.  428)  7-5 

Andalusite  (p.  482) 7*5 

BERYL(p.  405) 7.5-8 

Lawsonite  (p.  447) 7  5-8 

Phenacite  (p.  428) 7*6-8 

Gabnite  (p.  889) 7-6-8 

Hercynite  (p.  889) 7*5-8 

Spinel  (p.  388) 8 

Topaz  (p.  431) 8 

Rhodizite(p.  518) 8 

Chrysoberyl  (p.  842) 8*5 

Corundum  (p.  833) 9 

Diamond  (p.  271) 10 


The  following  minerals  have  hardness  equal  to  6  to  7,  or  6*6—7. 

Luster  Metallic  :  Iridosmine  (p.  280);  Iridium  (p.  280);  Sperrylite  (p.  802). 

Luster  Unmetallic:  Ardennite  (p.  445);  Axinite  (p.  441);  Betrandite  (p.  44«); 
Cassiterite  (p.  344);  Chrysolite  (p.  420>:  Dinppore  (p  848):  Elpidite(p.  407);  Epidote  (p.  488): 
For&terite  (p.  422);  Gadolinite  (p.  486):  Jadeite  (p.  898);  Partschinite  (p.  419);  Sillimanite 
(p.  488);  Spodumene  (p.  393);  Trimerite  (p.  424). 


III.  SPECIFIC  GRAVITY. 


Attention  is  called  to  the  remarks  in  Art.  280  (p.  158).  on  the  relation  of  specific  gravity  to 
cbemical  composition.  Also  to  the  statements  in  Art.  281  as  to  the  aterape  specific  gravity 
amoni;  minerals  of  metallic  and  unmetallic  luster  respectively.  The  species  in  each  of  the 
separate  lists  of  Table  I  of  minerals  oinssificd  with  reference  to  crystallization  are  arranged 
according  to  ascending  speHp',  gravities.  Hence  the  lists  give  at  a  glance  minerala  dia- 
tingulshed  by  both  low  and  high  density. 
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IV.  LUSTER.    (See  Art.  888.  p.  188.) 

Metallic. — Native  metals;  most  Sulphides;  some  Oxides,  those  coDtaioiDg  iron,  maii- 
ganese,  lead.  etc. 

Snbmotallic. — Here  belong  chiefly  certain  iron  compounds,  as  Ilmeuite;  Ilvaite; 
Columbite;  Tautalite  (and  allied  species);  Wolfmmite,  etc.     Also  Urauinite,  etc. 

Adamantine,  —{a)  Some  hard  minerals:  Diamond;  Corundum;  Cassiterite;  Zircon; 
Butile.  {b)  Many  compounds  of  lead,  also  of  silver,  copper,  mercury.  Tbus,  C.russite. 
Anglesite,  Pbosgeuite,  etc.;  Cerareyrite;  Cuprite;  some  Cinnabar,  etc.  (c)  Also  certain 
varieties  of  Sphalerite,  Titauite  audOctahedrite. 

Motallio-Adamantino  — Pyrargyrite;  some  varieties  of  the  following:  Cuprite,  Cerussite, 
Octabedrite,  Rutile. 

Reainoiui  or  Waxy.— Sphalerite;  Elfleolite;  many  Phosphates. 

Vitreous. —Quartz  and  mnny  Silictites,  as  Garnet,  Beryl. 

Pearly. — The  foliated  species:  Talc,  Brucite,  Pyrophyllite.  Also  (on  cleavage  surfaces) 
conspicuously  t ho  following:  Apopbyllite,  Stilbite,  fieulandite.  Also,  less  prominent:  Uurite; 
Celestite;  some  Feldspar,  and  others. 

Silky. — Some  fibrous  minerals,  as  Gypsum,  Calcite;  also  Asbestus. 

V.  COLOR. 

The  following  lists  may  be  of  some  use  in  the  way  of  suggestion.  It  is  to  be  noted, 
however,  tliut  especially  in  tbe  case  of  metallic  minerals  a  slight  surface  change  may  alter 
the  effect  of  color.  Further,  among  minerals  of  unmetallic  luster  particularly,  no  sharp 
line  can  be  drawn  between  colors  slightly  different,  and  many  variations  of  shade  occur 
in  the  case  of  a  single  species.  For  these  reasons  no  lists,  unless  inconveniently  extended, 
could  make  any  claim  to  completeness. 

(a)  Metallic  Luster. 

Silver-white,  Tin-white — Native  silver;  Native  Antimony,  Arsenic  and  Tellurium; 
Amalgam;  Arsenopyiite  an  I  LOllingite;  several  sulphides  arsenides,  etc.,  of  cobalt  or 
nit  keH  as  Cobultite  (reddish);  some  Tellurides.  No  sharp  line  can  be  drawn  between 
these  and  the  following  group. 

Steel-gray. — Platinum:  Manganite;  Chalcocite;  Sylvanite;  Bournouite. 

Blue-gray. — Molybdenite. 

Lead-gray.— Many  sulphides,  as  Galena  (bluish);  Stibuite;  many  Sulpharsenites,  etc., 
as  Jamesouite,  Dufrenoysite,  eic. 

Iron-black.— Graphite;  Tetrahcdrite;  Polybasite;  Stephanite;  Enarglte;  Pyrolusite; 
Magnetite;  Hematite;  Frankliuite. 

Black  (with  submetallic  luster). — Ilmenite;  Limonite;  Columbite;  Tantalite,  etc.; 
Wolfnimite;  Ilvaite;  Uraniuite,  etc.  The  following  are  usually  brownish  black:  Braunite; 
Hausmaunlte. 

Oopper-red  — Native  copper. 

Bronze-red. — Boruite  (quickly  tarnished) ;  Niccolite. 

Bronze-yellow. — Pyrrhotite  ;  Pentlandite  ;  Breithauptite. 

Brass-yellow. — Chalcopyrite  ;  Mrllerite  (bronze.)  Pale  brass-yellow:  Pyrite;  Mar- 
casite  (whiter  than  Pyrite). 

Qold-yellow. — Native  gold. 


Streak. — The  following  minerals  of  metallic  luster  are  notable  for  the  color  of  their 
Btreak : 

C^ochinealred :  Pyrargyrite. 

Cherry  Tfd:  Miarcryrite. 

Dull  Red  :  Hematite  (also  Cuprite). 

Scarlet:  Cinnabar  (usually  unmetallic). 


668  APPENDIX    B. 

Dark  Brawn :  MangaDite  ;  Franklinite  ;  Chromite. 
YeUoto :  Limonite. 

Tarnish.  —  The  following  are  conspicuous  for  their  bright  or  variegated  tamiah : 
Bornite  ;  Chalcopyrite  ;  Tetrahedrite  ;  sume  Limonite. 

(b)  Unmetallic  Luster. 

Colorless.— In  Crtbtalb:  Quartz  :  Calcite;  Aragonite  ;  Gypsum  ;  Cerusaite  ;  Angles- 
ite ;  Albile  :  Bit  rile  ;  Adularia  ;  Topaz;  Apopbyllite  ;  Natrolite  and  other  Z<x>htes; 
Celestiie  ;  Diaspora  ;  Nephelite  ;  Meioiiite  ;  Calamine  ;  Cryolite  ;  Phenacite,  etc. 

Massive  :  Quartz  ;  Calcite  ;  Gypsum  :  Hyalite  (botryoidal). 

White.— Crystals  :  Ampliibole  (tremolite) ;  Pyroxene  (diopside.  usually  greenish). 
Massive:   Calcite;   Milky  Quartz;  Feldspars,  especially  Albite  ;  Bante  ;  OeAOittite; 
Scapolite  ;  Talc  ;  Meerschaum  ;  Magnesite  ;  Kaoliuite  ;  Amblygouite,  etc. 

Blue — Blackish  Blue  :  Azurile  ;  Croctdolite. 

Indigo-blue  :  Indicolite  (Tounnaliue) ;  Vivinnite. 

AzuKK-BLUE :  Lazulite  ;  Azurile  ;  Lapis  Lazuli ;  Turquois. 

Pru>8ianblue  :  Sapphire ;  Cyauite  ;  lolite  ;  Azurite  ;  Chalcanthite  and  many  cop- 
per compounds. 

Set  bluk.  Mountain-blue  :  Beryl  ;  Celestite. 

Violet  BLUE :  Amethyst ;  Fluonte. 

Greenish  Blue  :  Amazou-stone  ;  Chrysocolla  ;  Calamine  ;  Smithsonite  ;  some  Tur- 
quois ;  Beryl. 

Green. — Blackish  Green  :  Epidote  ;  Serpentine  ;  Pvrozene  ;  AmphilK)le. 

Emerald-green  :  Beryl  (Emerald) ;  Malachite  ;  Dioptase  ;  Atiicamite  ;  and  many 
other  copi>er  compounds  ;  Spodumene  (hiddenite) ;  Pyroxene  (rare)  ;  Gahuite  ;  Jadeite 
and  Jade. 

Bluish  Green  :  Beryl  ;  Apatite  ;  Fluorite  ;  Amazon-stone ;  Prehnite  ;  Calamine  ; 
8miih8oniie  ;  Chrysocolla  ;  Clilorite  ;  Fome  Turquois. 

Mountain  green  :  Beryl  (aquamarine) ;  Eudase. 

Apple-green  :  Talc  ;  Gurnet  ;  Chrysopnise  ;  Willemite  ;  Gamierite ;  Pyrophyllite  ; 
some  Muscovite  ;  Jiuleite  and  Jade  ;  Pyrophyllite. 

Pistachio-grkkn  :  Epidote. 

Grass  OKBEN  :  Pyromorphite  ;   Wn  veil  ite  ;  VariFcile  ;  Chrysobenrl. 

Grayish  Green  :  Amnhilmle  and  Pyroxene,  rcnny  common  kinds  ;  Jnsper;  Jade. 

Yellow  green  to  Olive-green  :  Beryl ;  Apatite  ;  Chrysoberyl ;  Chrysolite  (olive- 
green);  Chlorite;   Serpentine;  Titnnite  ;  Datolite ;  Olivenite  ;  Vesuvianite. 

Yellow. — Sulphur-yellow  :  Sulphur  ;  some  Vesuvianite. 

Orangk- yellow  :  Orpiment ;  Wnlfenite  ;  MImetite. 

Straw  yellow,  also  Wine-yelt.ow,  Wax-yellow  :  Topaz ;  Sulphur ;  Fluorite ;  Cnn- 
crinite;  Wnlfenite;  Vanadinite  ;  Willemite;  Calcite;  Barite ;  Chrysolite;  Chondrodite; 
Titanite:  Datol'te.  etc 

Brownish  Ykllow;  Much  Sphalerite  ;  Siderite  ;  G5thite. 

OcHER  yellow:  GOthite  ;  Yellow  ocher  (limonite). 

Red  —HuBYRED  \  Ruby  (corundum) ;  Ruby  spinel ;  much  Garnet ;  ProusUte ;  Vana- 
dinite ;  SphMlcrite  :  Chondrodite. 

C«)CHiNEAL-RED :  Cuprite  ;  Cinnabar. 

Hyacinth  RED.— Zircon. 

Orange  red  :  Zincite. 

Orange  RED  to  aurora-red  :  Realgar  :  Wulfenfte. 

Crimson-red  :  Totirnmline  (rubellite) ;  Spinel,  Fluorite. 

Scarlet-red  :  Cinnabar. 

Brick-red:  Some  Hematite  fred  ocher). 

Rose  red  to  Pink  :  Rose  quartz  ;  Rhc  donite  ;  Rhodochrosite  ;  Erythrite ;  some  Scapo- 
lite Apopbyllite  and  ZoiMte  :  Eudialyte  :  Petalitc  ;  Mnrg^irite. 

P^ach-bix)8som  Red  to  Lilac  :  Lepidolite  ;  Ruliellite. 

Flesh-red:  Some  Orthoclnse  ;  Willemite  (the  vari<My  troostite);  some  Chabazite ;  8til« 
bite  and  Heulandite  ;  Apatite  ;  rarely  Calcite  ;  Poly  halite. 

Brownish  Red  :  Jasper  ;  Limonite  ;  Ghirnet ;  Sphalerite  ;  Siderite  ;  RuUle. 
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Brown. — Rbddibb  Brown  :  Some  GarDet ;  some  Sphalerite  ;  Staurolite  ;  Cassiterite  ; 
Rutile. 

Clovbbrown  :  Axinite  ;  Zircon  ;  Pyroraorpbite. 

y  BLLOWI6H  Brown  :  Siderite  and  related  carbonates  ;  Sphalerite  ;  Jasper ;  Limonite  ; 
OOthite  ;  Tourmaline  ;  Vesuvianite  ;  Cbon(irodite  ;  Staurolite. 

Blackish  Brown  :  Titiinite  ;  some  Siderite  ;  Sphalerite. 

Smoky  Brown  :  Quartz. 

Black :  Tourmiiliue  ;  black  Garnet  (melauite) ;  some  Mica  (especially  biotite) ;  also 
some  Amphibole,  Pyroxene  and  Epidote  (these  are  mostly  greenish  or  brownish  black) ; 
further,  some  Sphulerite  and  some  kinds  of  Quartz  (varying  from  smoky  brown  to  black) ; 
also  AUanite  ;  bamarskite.  Some  black  miuerHls  with  submetallic  luster  are  mentioned 
on  p.  433. 

Streak. — The  streak  is  to  be  noted  in  the  case  of  some  minerals  with  un metallic  luster.  Br 
far  the  majority  have,  even  when  deeply  colored  in  the  mass  (e.g.  Tourmaline),  a  streak 
diifering  but  little  from  whhe.     The  following  may  be  mentioned : 

Orange- YELLOW  :  Zincite,  Crocoite. 

CocHiNBAL-RBD :  Pyrargyritc  and  Proustite. 

Scarlet  red  :  Cinnabar. 

Brownish  red  :  Cuprite  ;  Hematite. 

Brown  :  Limonite. 

The  streak  of  the  various  copper,  green  and  blue  minerals,  as  Malachite,  Azurite,  ete.» 
k  about  the  same 'as  the  color  of  the  mineral  itself,  though  often  a  little  paler. 
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Abbreviations,  4 
Absorption  of  light,  171 

biaxial  crystals,  218 
uniaxial  crysials,  201 
Acicular  crystals,  142 
Acid  salu,  247 
Acids,  246 

Aclino  electricity,  285 
Adamantine  luster,  188 
Aggregate  polarization,  228 
Aggregates,  crystalline,  142 

optical  properties,  228 
Airy's  spirals,  208 
Albite  law  (twinning),  181,  875 
Alkalies,  test  for,  258 
Alkaline  taste,  238 
Alliaceous  odor,  288 

Aluminium  (aluminum),  test  for,  258,  264 
Amalgam,  186,  187 
Amorphous  structure,  6,  148 
Amplitude  of  vibi-ation,  162 
Amygdaloidal  structure,  148 
Analyzer,  177 
Analysis,  blowpipe.  256 

chemical,  252 

microchemical,  252 
Angle,  critical.  169 

of  extinction,  311 

polari2Uition,  175 
Angles,  measurement  of,  112 

of  dihexagonal  prisms,  88 
ditetragonal  prisms,  64 
isometric  forms,  42,  46,  49 
An  isometric  crystals,  192 
Anisotropic  crystals,  192 
Anomalies,  optical,  228 
Antimony,  tests  for,  259.  260,  261.  264 
Apatite  type,  71 

Arborescent  structure,  see  Dendritic,  148 
Argillaceous  odor.  238 
Arsenic,  tests  for.  259.  260,  261,  264 
Artificial  minerals.  1.  252 
Asterism,  190,  470 
Astringent  taste,  288 
Asymmetric  group,  109 
Atom.  289 
Atomic  weight.  240 
Axes,  crystallographic,  18,  22 


Axes,  ether,  208 

of  elasticity,  208 
optic,  207,  215 

dispersion  of,  210,  220 
Axial  angle,  optic,  209,  215 

measurement  of,  215 
figure,  199,  214 
planes  of  symmetry,  14 
ratio,  22 

B 

Barium,  test  for,  259,  264 
Basal  plane,  58,  67,  90,  100,  107 
projections,  26 

drawing  of,  558 
Base,  58,  67,  90.  100.  107 
Bases,  chemical,  246 
Basic  salu.  247 
Baveno  twins,  129,  871 
Belonite,  140 
Bertrand  ocular,  211 
Beryl  type,  66 
Berylloid,  69 
Bevel,  Bevel  men  t,  87 
Biaxial  crystals,  192.  208 

examination  of,  210 
Binary  symmetry,  9 
Birefringence,  172,  197,  198,  512 

determination  of,  212 
Bisectrices,  208 

dispersion  of,  210,  222 
Bisectrix,  acute.  208 

negative.  217 

obtuse,  208 

positive,  217 
Bismuth,  test  for,  261.  264 
Bitter  taste,  288 
Bituminous  odor,  288 
Bivalent  element.  244 
Blnded  structure.  142 
Blebby  bead.  258 
B'owpipe,  256 
Borax,  use  of,  268 
Boron,  test  for,  259.  264 
Botryoidal  structure,  148 
Brachy-axis,  89.  106 
Bracliydome.  91,  107 
Brachypinacoid,90,  107 
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Bracby prism,  91,  107 
Bruchypyramid.  93,  107 
Brazil  law  (twiu),  127,  825 
Brewster's  law,  174 
Brittle  niinenils.  154 
BunseD  burner,  256 
Burner  for  blowpipe,  256 


Cadmium,  test  for,  261,  265 
Culcite  type,  74 
Calcium,  test  for,  259.  265 
Calculation  of  angles,  80,  52,  68,  84,   96, 

104,  109 
chemical  formula,  249 
Capillary  crystals,  148 
Carbonates,  test  for,  265 
Ciirlsbud  twin.  129,  870 
Chalcopyrite  type,  61 
Change  of  colors.  189 
Charcoal,  use  of,  257,  260 
Chemical  compound,  245 

composition  and  optical  charac- 
ters, 225 

elements,  289 

formula.  240 

minemlogv,  289 

reaction,  245 

symbol.  240 

tests,  254,  264 
Chlorides,  test  for,  265 
Chlorine,  test  for,  255,  259 
Chondrule,  421 
Chromium,  tests  for,  268.  265 
Circular  polarization.  178.  202 

imitated  bv  mica  sections,  227 
Classification  of  minerals,  269 
Cleavage,  146 

basal,  147 

cubic,  147 

dodecahedrnl.  147 

octahedral,  147 

prismatic,  147 

rliombohedral,  147 
CI { no-axis,  98 
Clinodome,  101 
Clinohedral  gronp,  104 
Clinopinacoid.  100 
Clinoprism,  100 
Clinopyramid.  101 
Closed  form,  25 
Closed  tube,  259 
Cobalt,  test  for,  268,  265 

nitrate,  use  of,  258 
Cohesion.  146 
Color,  164.  1H6.  187 

complementary.  164,  178 
Columnnr  structure,  142 
Combining  weight.  248 
Complementiry  colors.  164,  178 
Com  position -plane,  119 
Concentric  structure,  142 


Conchoidal  fracture,  152 
Conductivity,  for  electricity,  284 

he>it,  282 
Conical  refraction,  207 
Conoscope,  181 

Constancy  of  crystal  angles,  7 
Contact  goniometer,  lib 
Coniact-twin,  120 
Cooling  taste,  288 

Copper,  tests  for.  259.  262,  268,  265 
Copper  chloride,  test  for,  259 
Coralloidnl  structure,  143 
Corrosion  foims,  151 
Cotangent  relation,  81 
Critical  angle,  169 
Crossed  di8i>ersion,  228 
Crypto- crystal  line,  6,  148 
Crystal,  definition,  5 

distorted,  11,  188 

twin,  118 
Crystallites,  140 
Crystalline  aggregate,  6,  142 

structure,  6 
Crystallization,  systems  of,  18 
Crystal logeny,  5 
Crystallography.  5 
Cube.  34 
Cupnte  type.  50 
Curved  crystals  and  faces,  187 

D 

Decrepitation.  258,  259 

Deltoid  dodecahedron,  48 

Dendrites,  148 

Dendritic  structure,  148 

Density,  156 

Description  of  species,  269 

Determination  of  minerals,  267 

Diagonal  prism,  67 

pvnimid,  69 

Diamagnetic  minerals,  287 

Diama|netism.  287 

Diametral  prism,  54,  90,  100,  108 
pyramid,  55 

Diaphaneity,  186 

Diathermancy.  238 

Dibasic  acid,  246 

Dichroic  crystals,  202 

Dichroism,  187,  201 

Dichroscope,  202 

Diffraction.  171 

Dihexagonal  prism,  67 

pyramid,  69 

Dimorphism,  251 

Dimorphous  compound,  251 

Diploid.  44 

Dispersion,  170 

of  bisectrices,  210,  222 
crossed.  228 
horizontal,  228 
inc.ined,  222 
of  optic  axes,  210,  220 
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Distorted  crystols,  11,  188 
Ditetragonal  prism,  55 

pyramid,  57 
Ditrigoiial  prism,  88 
Divergent  structure,  142 
Dodecahedron,  84 

deltoid,  48 

dyakis,  44 

peutagoual,  48 

tetrabedral,  51 

rfaombic.  84 
Domes,  26,  91, 100,  101,  107 
Double  refraction,  172 
Drawinji:  of  crystals,  547 
Drusy.  143 
Dyakis-dodocahedron,  44 

£ 

Earthy  fracture.  152 

Effervescence.  254 

Elaaticity,  154 

axes  of  light-,  208 

Elastic  minerals,  154 

Electricity.  234 

Electro-negative  elements,  242 
positive  elements,  242 

Elemento,  angulnr,  96.  104,  110 
nxml,  96,  104.  110 
chemical,  289.  240 
equivalence  of.  105 

Elliptically  poliirized  light,  178 

Elongation,  negative  or  positive,  218 

Enantiomorphous  forms,  50,  82 

Epoptic  figures.  219 

Etching,  149 

figures.  149 

Ether,  luminiferous.  160 

axes.  203.  208,  219,  220 

Even  fracture,  152 

Exfoliation.  258 

Expansion  by  heat.  282 

Extinction,  177.  210 

oblique,  211 
parallel.  211 

Extinction-angle.  211 

Extraordinary  ray,  194,  205 


Federow  mica-wedge,  218 

Feel.  238 

Fetid  odor,  238 

Fibrous  structure,  142 

Filiform.  143 

First  order  prisms.  53,  67 

pyramids,  54,  68 
Flame  colonuion,  259 

oxidizing,  257 

reducing,  257 
Flexible.  154 
Fluoresceijre.  190 
Fluorides,  fluorine,  test  for,  260,  266 


Fluxes,  262 

Foliated  structure,  142 

Forceps.  257,  258 

Form,  25 

Formula,  chemical,  240,  248 

calculation  of.  249 
Formulas  for  spherical  triangles,  82 
Fracture,  151 
Fundamental  form,  25 
Fusibility,  282,  258 

scale  of,  258 

Q 

Galena  type.  88 

Gladstone  law,  169 

Glass,  optical  characters  of,  192,  228 

Glass  tubes,  257;  UbC  of.  239 

Gliding  planes.  147 

Glimmering  luster,  189 

Glistening  luster.  189 

Globular  structure,  148 

Globulites.  140 

Glowing,  258,  259 

Goniometer,  contact  or  hand,  112 
horizontal,  115 
reflecting,  112,  116 
theodolite.  117 

Granular  structure.  142 

Greasy  luster,  189 

Grouping,  molecular.  21 

paiallel,  131,  182 

Gyroidal  forms.  50 


Habit,  crystal.  8 
Hackly  fracture,  152 
Hand  goniometer,  112 
Hard  minerals.  158 
Hardness,  152 
Heat.  281 

effect  on  optical  properties,  224 
Henvy  solutions,  15S 
Hemihedral  forms.  17 
Hemimorphic  forms,  18 

groups,  59,  71,  95,  103 
Hexagonal  prisms.  67 

pyramids.  68 

symmetry.  10 

system.  65.  15 

trapezohedron,  74 
Hexakisoctahedron.  89 
Hexakisteirahedron,  49 
Hexoctahedron,  89 
Holohedral  forms,  17 
Horizontal  dispersion,  223 

prisms,  92 

projections,  26 
Horse-radish  odor,  238 
Houppes.  219 
Hour-glass  structure,  390 
Hydroxides,  246 
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IcosahedroQ.  44,  47 

IcositetrahedroD,  89 

Idiopbanous  crystals,  219 

Iiiipalpable  gtructure,  142 

liidicatrix,  196,  '^04 

ludicet),  crysiallograpbic,  24 
refratMive,  168 

lucidence,  augle  of,  164 

iDcliued  dispersiou.  228 
hemibedroDS,  47 

luclusions,  189 

iDulastic  luinenils,  154 

Insoluble  miueraU,  255 

Iiileifereoce  of  ligbl,  178,  177 
colore,  178.  177 

uniaxial  crystals,  198 
biaxial,  214 
figures,  uniaxial,  199 

Intumescence,  258 

lodvrite  type,  71 

Iri(fe8cence.  189 

Iron,  test  for,  263,  265 

Iron  cross,  124 

Isodinmetric  crystals.  192 

Isotlimorpbism,  251 

Isometric  crystals,  optical  properties,  198 
system,  88.  14 

Isomorpbous  group,  250 

mixtures,  251 

Isomorpbism,  250 


Jolly  balance.  157 


Klein  solution,  158 


L 


Lamellar  polarization.  229 

structure,  142 
Lamp  for  blowpipe,  256 
Law  of  f rational  indices,  25 
Lead,  test  for,  261.  262,  265 
Left-banded  crystal.  88.  825 

polarization,  179 
Ligbt,  nature  of,  160 
Ligbt  ray,  168 

Light  waves,  162  ,      ,    , 

Ligbt  velocity,  relation  to  refractive  index, 

168 
Litblum.  test  for,  259,  266 
Luster,  188 

M 

Mncro-axis.  89,  106 
Mucrodome.  91,  107 
MacropiuMCoid.  90,  107 
Macroprisui.  91,  107 
Macropyramid.  92,  107 
Magnesium,  test  for,  258,  266 


Magnetic  minerals,  287 
Magnetism.  287 
Magnets,  natural,  287 
Malleable  minerals.  154 
Mam  miliary  structure,  148 
Manganese,  test  for,  268,  266 
Margarites.  140 
Manebach  twin.  129,  871 
Mean-line,  208 

flret,  206 

second,  208 
Mercury,  test  for,  260,  266 

sulpbide.  test  for,  260 
Metagcnic  twms,  121 
Metallic  adamantine  luster,  189 
Metallic  luster,  188 
Metallic  pearly  luster,  189 
Metals.  241 

Mica  sections  superposed,  227 
Mica-wedge,  218 
Micaceous  structure,  142 
Microcosraic  salt.  ».  Salt  of  phosphorus,  268 
Microlites,  140 
Miciosclerometer,  158 
Miller's  symbols.  24 

system.  124,  88 
Mimetic  crystals,  12 
Mineral,  artificial,  1,  252 
definition  of,  1 
Mineral  kingdom,  1 
Mineralogy,  science  of,  1,2 
Models  of  crystals.  17 
Molecular  networks,  18 

structure,  5.  145 

weight.  244 
Molecule,  240,  5 
Molybdenum,  tests  for.  260,  261,  268,  266 

Monad.  244 
Monobasic  acid.  246 
Monoclinic  crystals,  98 

optical  charactere,  220 
examination  of,  220 
system,  98;  16 
Mossy  structure,  143 

N 

Natural  magnets,  287 
Naumann's  symbols.  24 
Negative  crystal,  209 

biaxial.  149 

uniaxial,  194,  197,  201 

element,  242 

elongation,  218 
Nepbelite  type.  78 
Neutral  Siilt,  247 
Network,  molecular,  18 
Newton's  lings,  174 
Nickel,  test  for,  263.  266 
Nicol  pfism,  176 
Niobium,  test  for.  266 
Nitrates,  test  for,  266 
Nodular  structure,  148 
Non-metals.  241 
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Normal  angles,  28 

groups.  14,  88,  68,  66,  89,  99,  107 

salt,  247 
Nugget,  gold,  277 


Octabedroo,  84 

square,  55,  66 
Octant,  28 

Ocular,  Bei-trand,  211 
Odor,  288 
Opalescence,  189 
Opaque,  186 
Open  lube,  260 

form,  25 
Optic  axes.  204,  207 

axis,  194 
Optical  anomalies,  228 

characters  of  cirstalline  aggregates, 

twin  crystals,  226 
effect  of  heat  upon,  224 

pressure  on,  228 
relation  to  chemical  com- 
position, 225 
Order,  prisms  and  pyramids  of  first  and  sec- 
ond,    53, 
54,66 ,  67 
third,  71 
rhombohedrons  of  second  and  third, 
80,  81 
Ordinaiy  ray,  194,  205 
Ortiio-uxis,  98 
Orlhodome.  100 
Orthopinacoid,  100 
Orilioprisni,  100 
Orthopyrumid,  101 
Onhorhombic  crystals,  89 

optical  examination, 
229 
system,  89;  16 
Oscillatory  combination,  186 
Oxides.  245 
Oxidizing  flame,  257 
Oxygen  ratio,  249 


Pnragenic  twins,  121 
Parallel  extinction,  211 

gruupiug.  181,  182 

hemihedrons,  48 
Paramagnetic  minerals,  287 
Paramagnetism,  287 
Parameter,  28 
Panimorph,  253 
Parnmorpliism,  258 
Parting,  148 
Pearly  luster,  189 
Penetration-twin,  120 
Pentagonal  dodecahedron,  48 

tetrahedral,  62 
icositetrahedron,  50 


Pentavalent  element,  244 

Percussion  figure,  149 

Pericliue  law  (twinning),  181,  876 

Periodic  law,  242 

Phauerocrystalline,  142 

Plienacite  type,  80 

Phosphates,  test  for,  255,  259 

Phosphorescence,  190,  259 

Phosphoric  acid,  test  for,  255,  269,  266 

Photo-electricity,  285 

Physical  characters,  145 

Plezo  electricity,  285 

Pinacoids,  20 

Plagihedral  group,  50 

Plane-polarized  li^ht.  174 

Plane  of  polarization,  174 

Platinum  wire,  257,  262 

Play  of  colors,  189 

Pieochroic  halos,  219 

Pleochroism,  187 

Pleomorphism,  251 

Point  system,  19 

Polariscope,  177.  181 

Polarization,  174 

Polarization-brushes,  219 

•microscope,  188 
Polarized  light,  174 
Polarizer,  177 

Polysyuthetic  twinning,  875 
Positive  crystal,  biaxial.  209,  217 

uniaxial,  194,  197,  201 
element,  242 
elongation,  218 
Potassium,  test  for,  259,  266 
Pressure,  effect  on  optical  characters,  228 

figures,  149 
Primary  optic  axes,  207 
Principal  axis  or  plane  of  symmetry,  14 

section,  194 
Prisms,  26 

ditrigonal.  88 
hexagonal,  66,  67,  71 
horizontal,  92 
rhombic.  90 
tetragonal,  53 
third  order,  57,  71 
trigonal,  88 
Projection,  basal,  26,  558 

horizontal.  26,  553 
spherical,  27,  554 
drawing  of,  554 
Pseudo-hexngonal  crystals,  12,  127,  864 

-isometric  crystals,  229 
Pseudomorph.  144,  252 
Pseudomorphism,  252 
Pseudosymmetry,  12,  41,  122,  183,  226 
Pycnometer,  157 
Pyramid,  diametral,  55 
ditrigonal,  74 
hexagonal.  68,  69,  71 
rhombic.  92 
square,  55,  56.  59 
third  order,  59,  71 
trigonal,  88 
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Pyramid,  iinil,  56 
Pyramidal  group,  59,  71 

bemibedrism,  60 

.hemimorpbic  group,  61,  73 
Pyrite  type,  43 
Pyritobednil  group,  48 

symmetry,  48 
Pyritobedron.  43 
Pyro-electricity.  284 
Pyroj?nostic8,  264 


Quarter-undulatioQ  mica  plate. 
Quartz- wedge,  212 

R 

Radiated  structure,  142 
Radical,  cbemiail.  245 
Rtiiional  iudices,  law  of,  25 
Reaction,  cbemical.  245 
Reairents,  cbemical,  254 
Reducing  flume,  257 
Reduction  of  metals,  261 
Reflect ing  goniometer.  112,  115 
Reflection  of  ligbt,  164 
angle  of,  164 
Reflectometer,  180 
Refraction,  166 

double,  172 

strengtb  of,  172 
index  v.  Refractive  index 
Refractive  equivalent.  169 
index,  166.  168 

determination  of,  170, 180, 

200,  218 
relation  to  ligbt  velocity, 
168 
indices,  principal,  168,  208 
Refractometer,  180 
Relief,  bigb  or  low,  170 
Reniform  structure,  143 
Resinous  luster,  188 
Reticulated  structure,  142,  143 
Rbombic  prism.  90 

pyramid.  92 
section,  875 
spbenoid,  96 
Rbombobedral  system,  16,  74 

of  Miller,  88 
Rbombobedral-hemiuiorpbic  group,  79 
lilionibobedron,  75,  80 
Rlgbt-banded  crysUil,  88.  824 

polarization,  178 
Roasting,  261 
Rontgen  rays,  285 

S 

Saline  taste,  238 

Salt  of  piiospborus,  268 

Stilts,  247 

Saturation.  245 

Scale  of  fusibility,  258 


Scale  of  baniness.  152 
Scalenobedron,  77 

tetragonal,  62 
Sclieelitc  type,  59 
Scbiller,   190 
Scbillerization.  190 
Scleromeier,  152 
Second  order  prism,  CI 

pyramid,  68 
rbombobedron,  80 
Secondary  optic  axes,  207 

twinning,  122,  148 
Sectant,  23 
Sectile.  154 

Selenite-plate.  201,  218 
Selenium,  tests  for,  260,  261,  266 
Semi-metals,  241 
Semi  transparent,  186 
Separable.  142 
Sbining  luster,  189 
Silica,  test  for,  266 
Silky  luster,  189 

Silver,  test  for,  255.  261,  262,  266 
Soda,  use  of,  261,  262 
Sodium,  lest  for,  259,  266 
Soft  minerals,  152 
Solubility  in  ncids,  254 
Solution -planes,  149 
Soustadt  solution,  158 
Sound  waves,  161 
Specific  gravity,  156 

bubince,  156,  157 

beat,  288 

refractive  power,  169 
Spectroscope,  170 
Spelter.  2b8 

Spbenoid,  62;  rbombic,  96 
Spbenoidal  group,  61,  96 
Spberical  projections,  27 

construction,  554 
triangles,  formulas,  32 
Spberulites.  228,  872 
Splendent  luster,  189 
Splintery  fmclure,  152 
Square  prisms,  54,  59 

pyramids,  65,  56,  59 
Stal'ictilic  structure,  143 
Stauroscope,  181,  221 
Stellated  structure.  142 
Streak,  187 
Strengib  of  double  refraction,  172.  197, 198L 

212 
Slriations,  186 

Strike  figure  v.  Percussion-figure,  149 
Strontium,  test  for,  259,  266 
SubliuiHte,  260 
Subtrunslucent,  186 
Subtninsparent,  186 
Sub  vitreous.  I8i8 
Sulphates,  test  for,  262 
Sulphides.  246,  266 
Sulpbr-salts,  248 
Sulphur,  test  for.  255.  260,  266 
Sulphurous  odor,  288 
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Swelling  up,  2SS 
Symbol,  chemical,  240 

crystallographiC,  28 
Sjrmmetry,  8 

nxis  of,  0 
center  of,  10 

exhibited  by   spherical  projec- 
tion, 29 
groups  of,  18 
planes  of.  9 
Synthesis,  mineral.  252 
System,  hexagonal,  65 
isomelric,  88 
monoclinic.  98 
orthorhoilibic.  89 
rhombohedral,  74 
tetragonal,  58 
triclinic,  106 
Systems  of  crystallization,  18 


Tangent  relation,  81 

Tarnish,  190 

Taste,  288 

Tellurium,  tests  for,  260,  261,  267 

Tenacity,  154 

Test  paper,  256 

Tetartohedral  forms.  18 

groups,  51 ,  63 

Tetragonal  crystals,  53 

scalctiohedron,  62 
symmetry,  10 
system,  53;  15 
trapezobedruu,  68 
trisoctnbedron,  38 
tristetrnliedrou,  48 

Tetrahedral  group,  46,  51 

Tetrahedrite  type,  46 

Tetrahedron,  46 

Tetnibexuliedron,  36 

Tetravalent  element,  244 

Theodolite  goniometer.  117 

Thermo-electricity,  285 

Third  order  prism,  59,  71 

pyramid,  59,  71 
rhonibobedron,  81 

Tlioulet  solution,  158 

Tin,  lest  for.  261,  262.  267 

Titanium,  test  for.  264.  267 

ToUl  refitction,  169 

retlectometer,  180 

Tourmuline  type,  79 
tonjB;s,181 

Translucent,  186 

Transparency,  186 

Transparent,  186 

Trapezohedral  group,  63,  73,  82 

Trapezohedron,  3d.  63,  74,  82 

hcxagunnl,  74 
tegtra<mal.  68 
trigonal,  82 

Tri  basic  acid,  244 

Trichite,  140 


Triclinic  crystals,  106 

optical  characters  of,  221 
division,  74 
system,  106 
symmetry,  9 
Trigonal  prism,  83 

pyramid,  88 
trapezohedron,  82 
trisoctuhedron,  86 
tristetrahedrun,  4B 
Trigondodecabedron,  48 
Trigonotype  group,  74 
Trimorphous,  251 
Trisoctahedrous,  86,  88 
Tri-rliombobedral  group,  80 
Tristetrabedrons,  48 
Trivalent  element.  244 
Truncate,  truncation,  85 
Tungsten,  lest  for.  267 
Twin  crystals,  118 

drawing  of,  552 
optical  characters,  226 
Twinning  axis,  119 

plane,  119 
Twinning,  polysyiithetic,  121 
repeated,  121 
secondary,  122,  148 

U 

Ullmanite  type,  51 
Ultra-blue.  428 
Uneven  fracture.  152 
Uuiuxinl  ciystals,  192 

optical  characters,  198 
examination,  197 
Unit  form.  25 

pri»m.  54,  90,  101,  107 

pyramid.  92,  101,  107 
Univaleul  element.  244 
Un  metal  lie  luster,  188 
Uranium,  tests  for,  268,  264,  267 
Urulitizution,  401 


Valence.  244 

Vanadium,  test  for,  263,  264,  267 

Velocity  of  light,  162 

reiulion  to  refractive  ir 
dcx,  168 
Vanadates,  112 
Vesicular  bead,  135 
Vibration  directions,  197.  208.  211 

relation  to  etber-axes,  211 
Vicinal  forms.  20.  41 
Vitreous  luster,  188 

W 

Water  of  crystallization,  248 
Water-waves.  161 
Wave-front.  163 
Wave-length,  162.  164 
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Wave-motion,  101 
Wuve-surface,  biaxial  crystals,  204 

uniaxial  crystals,  IM 
Waxy  lusfer.  89 
Westplial  balance,  148 
White  light.  164 
Widinanstatten  lines,  281 
Wnlienite  type,  61 


Xrays,  285 


Zinc,  test  for,  261,  267 
Zircon  type,  58 
Zirconium,  test  for,  267 
Zirconoid,  57 
Zonal  equations,  29 
Zone,  26,  29 
Zone-nxis,  26 
Zone-circle,  27 
Zone-symbol,  29 


INDEX  TO  SPECIES. 


Aarite,  v.  Aiite.  296 
Abriachanite,  404 
Acadialite,  458 
Acanthite.  290 
Acerdese,  v.  Manganite 
Achmatite,  489 
Achroite,  448 
Acmite,  891 

Actinolite,  ActiDOte.  400 
Adamantine  spar,  888 
Adamine,  505 
Adamite,  505 
Adelite,  502 

Adipocire,  v.  Hatchettite 
Adular,  Adularia,  872 
ifidelite.  442 
JEgWine,  891 
ifigirite,  891 
u£girite-auglte.  890 
^iiiffmatite,  406 
ifischynite.  493 
Agalite,  480 
Agalmatolite,  466 
Agaric  mineral,  856 
Agate.  826 
Agate-laspcr,  827 
Agricolitc,  419 
Aguilarite,  289 
Alkiuite,  810 
Alabandin,  292 
Ainbandite.  292 
Alabaster,  582 

Oriental,  856 
Alalite.  888 
Alaskaite,  808 
Alatin,  V  Alum,  585 
Alaunstein.  587 
Alberlite,  545 
Al'iite,  877 
AlexAiidrite.  84X 
Algodonite.  286 
Altsonite,  288 
Allactite.  Allnktit,  506 
Allagite.  896 
Allauite,  440 
AUemontite,  275 


Allochroile,  417 
Alloclusite,  Alloklas,  804 
Allopiillndium,  281 
Allopbane,  488 
Almaodine,  Almandite,  416; 

338 
Alshedite,  486 
Alstouite,  V.  Bromlite,  862 
Altaite.  288 
Alum,  585 
Alumian,  580 
Alumina.  888 
Aluminatbs,  887  et  $eq. 
Aiuminite.  587 
Aluminium  borate,  518 

carbonate.  866. 

chloride.  821 

fluorides,  321,  828 

hydrates.  848,  ^51 

mellate,  542 

oxide.  888,  848.  851 

phosphates.  506,  510,  etc. 

silicates.   481.   482,   488, 
484,  481,  482,  488,  etc. 

sulphates.  528,  580,  585. 
587 
Aluminium  ore,  851 
Alumstone.  587 
Aluniie.  537 
Alunogcn,  585 
Alurdte,  470 
Amalgam.  279 
Amurautite,  586 
Amazonile,  874 
Amazonstone.  374 
Amber.  548;  276 
Amblygonite,  508 
Amblystegite.  386 
Amesite.  475 
Amcthynti  826 

Oriental.  383 
Amianthus.  401,  477 
Ammiolite.  516 
Ammonium,  carbonate,  864 

chloride  319 

oxulHte.  542 

phosphates.  510.  etc, 

sulphates,  528,  etc. 


Amphibole,  899 
Amphibole  Group,  897 
Amphibole-uut  hophyllite,401 
Amphigdne.  881 
Amphodelite,  380 
Analcime,  460 
Analcite,  460 
Anntasc.  846 
Andalusite,  482 
Andes! ne,  879 
Andorite.  808 
Andradite,  417 
Andrewsite,  514 
Anglesite.  527 
Anhydrite,  528 
Auimikite,  286 
Ankerite,  858 
Anuabergite.  509 
AnnerOdlte.  498 
Aunite,  470 
Anomite.  468 
Anorthite,  880 

Auorthoclase,  Anorthose,  874 
Anthophyllite,  898 

Hydrous.  898 
Anthracite,  546 
Antigorite,  477 
Antimonarsen.  v.  Allemontite 
Antimonatbb.  516 
Antimonbleude,  805 
Antimonglanz.  288 
Antimonides.  296.  etc. 
Autimoutte.  288 
Antimonitbs,  516 
Antiinon nickel,  296 
Antimon.oilber.  286 
Antimonsilberblcnde.  811 
Antimony,  Arsenical.  276 

Gray,  2??3 

Native.  275 

Red.  0.  Kermesite 

White.  330 
Antimony  oxides.  880 

oxysulphide,  805 

sulphide,  288.  284 
An timon blende,  v.  Kermesite 
Antimony  glance,  288 
Antlerite',  580 

579 


580 


INDEX  TO  SPECIES. 


ApAtite,  407 

Aphao^,  Apbanesite,  505 
Apbriie,  355 
Apbrizite,  448 
Apbroi«iderite.  475 
Aphthalose.  523 
Apbthitalhe.  523 
Apiobnite.  537 
Aplome.  417 
Apopbyllite,  452 
Apotome,  526 
Aquamarine.  406 
Araeoxene,  505 
Ariigouite,  361 
Arcunite.  523 
Ardeonite,  445 
Areodalite,  439 
Arfvednonite,  405 
ArgeDtine,  355 
Argentite.  288 

ArgeuiobisDiuiitep  v.  Matiltide 
Ariijyrodite.  316 
Aritc.  295 
ArkiiDsite,  347 
Arqiierite,  279 

Arnigouite,  v.  Aragonite,  361 
Arhknates.  494 
Arsenic,  274 

Anlimonial.  275 

Native,  274 

Wbile,  380 
Arsenic  oxi<1e,  330 

sulpbide.  282 
Aksbnidbs  285 
Arseiiikalkies,  303 
Arseiiikkies,  303 
Arseniopieitc,  507 
Arseuiosiderite,  506 
Arseukies.  303 
Arsenolite.  330 
Arsenopyrite,  303 
Arseusilberbleode,  311 
Asbestos,  Asbestus,  401,  477 

Blue,  404 
Asbolan,  a5'i 
Asbolite,  352 
Ascharite,  519 
Asmnuitc,  328 
Asparngiis-stone,  498 
Aspasioiite,  408 
Aspiialttim,  545 
Asteria.  333 
Astenated  quartz,  326 

snppliire,  333 
Astrakanite,  535 
Astropliyllile.  487 
Atacamite.  322 
Att»lestiie,  507 
Atopite.  516 
Attacolite,  513 
Auerlite,  430 
Augelite,  513 
Augite.  390 
Auralite,  408 


Auricbalcite.  366 
Auripiguientum,  288 
AutooioHte.  339 
Autunite.  515 
Aventurine  feldspar,  878 

quartz,  326 
Ax-stone,  394 
Axinite,  441 
Awaruite,  281 
Azurite.  365 

B 

Babingtonitc,  396 
Bnddeieyile,  346 
Bagraiiouite,  439 
Baiknlite.  389 
Balas  ruby,  338 
Buiiimorite.  477 
Bamlile.  434 
Baricalcite,  356 
Bariie.  524 
Barium  carbonate,  362,  384 

nitrate,  517 

silicate.  373.  381,408,454, 
456.  460.  etc. 

sulpbate.  524 
Bariumumnit,  515 
Barkevikile.  405 
Bnrrandite.  510 
Barsowite,  481 
Barylite.  408 
Barysilite,  408 
Baryt,  Burytes.  524 
Baryta,  v.  Barium 
Baryta-feldspar,  373.  381 
Barytocalcite,  364 
Baryt uran it.  515 
Basanite,  327 
Basiite.  386 

Bastnflsite,  Bastnaesite,  864 
Batbvillite,  548 
Batracbite,  422 
Bauxite,  350 
Bayldonite,  511 
Beaumontite,  464 
Beauxite,  350 
Becbilife,  521 
Beegerite.  314 
Beilstein,  v.  Nepbrite 
Bell- metal  ore.  815 
Belonesite.  542 
Bementite,  484 
Beraunite,  513 
Bergamaskfte,  402 
Bergb'au,  v.  Azurite 
Bergkrvstall,  «.  Quartz 
Bergbolz.  401 
Bergleder,  401 
Bergnmnnite.  461 
Bergmebl,  356 
Bergmilcb.  356 
BcrgOl,  544 
Bergpecb.  545 


Bergsalz,  318 

Bergseife,  482 

Bergtbeer.  r.  Pittasphalt,  544 

Berlinite,  518 

Bernstein,  543 

Berthierite.  308 

Bertmndite,  446 

Beryl.  405 

Beiyllium  aluminate,  342 

borate.  518 

phosphate,  503 

silicate.    405.   407,    423, 
436.446 
Beryllouite.  496 
Berzelianite.  289 
Berzeliite.  495 
Beudantite.  516 
Beyricbite  295 
B  eberiie,  534 
Bildstein.  v.  Agalmatolite 
Bindbeimite.  516 
Blnnite.  308 
Biotina,  Biotine,  381 
Bioiiie,  467 
Biscboti;e,  323 
Bismite,  830 
Bismuth.  Native,  275 
Bismuth  arsenate.  507 

carbonate.  364,  867 

oxide,  330 

oxy chloride,  322 

selenide,  284 

silicate,  414 

sulpbide.  284 

tellurate.  538 

telluride,  284 

uranate.  515 

vanadate,  496 
Bismuth  glance,  284 
Bismuth  gold,  276 
Bismuth  ocher.  330 
Bismutbinite.  284 
Bismiitile.  367 
Bismutosmaltite,  802 
Bismutospbaerite,  864 
Bittersalz,  v.  Epsomite 
Bitter    spar,    Bitterspath,  f. 

Dolomite 
Bitumen,  544.  545 
Bituminous  coal,  546 
Bixbyite,  343 
Bielkite.  809 
Black  jack,  291 
Black  lead,  278 
Biftttertellur.    v,  Nagyagfte, 

305 
Blaueisenerde,  v.  VivSaoite 
Blei,  Gediegeu.  279 
Bleiantimonglanz,  807 
Bleiglanz,  287 

Bleinidre.  Blelnierite,  v,  Bind- 
beimite 
Bleiscbweif,  288 
BleiTitrol,  527 
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BleDdCp  291 
BlOdlte,  585 
Bloedite.  Bloedite»  586 
Bloodstone,  826 
Blue  asbestus,  404 

iroD  earth,  508 

jobD,  320 

malachite.  «.  Azurite 

vitriol,  534 
Bobierrite,  508  • 
Boghead  cnnoel,  546 
Bog-iroo  ore.  850 

mangtmese,  352 
Bole.  Bolus,  482 
Boleite.  822 
Bologna  stone,  525 
Boltonite,  422 
Bone- phosphate,  409 

turquoise.  512 
BoQsdorffite,  408 
Boort,  272 
Boracic  acid.  852 
Borncile.  518 
Borates.  518 
Borax.  520 
Borickite,  514 
Boric  Hcid,  852 
Bomite,  297 
Boron  hydrate,  852 

silicate.  481,  485 
Boron  ttrocalcite,  520 
Bort.  272 
Bostonite,  478 
Botryogen.  587 
Botryolite.  486 
Boulangerite,  309 
Bounionite.  810 
Boussingaultite,  585 
Boweulle,  477 
Brackebiischite,  505 
Hnigite  490 
Bmndisite,  471 
Brandtite.  507 
Bniuneisenstein.  850 
Bmunite.  848 
Braunkohle,  546 
Braunstein.  Qrauer,  v.  Pyro- 

lusite 
Bnizilian  pebble,  825 

emerald.  448 

sapphire.  448 
Brnzilite,  346 
Bredbergite.  417 
Breislaktte.  402 
Breithnuptite.  296 
Breunerite,  358 
Breunnerile.  358 
Brevicite.  461 
Brewsterite,  454 
Brittle  silver  ore,  314 
Brochantite,  580 
BrCggerite.  521 
Bromides.  819 
Bromlite,  362 


Bromyrite,  819 

Brongnartine,  530 

Bronguiardite,  309 

Brouzite,  ^85 

Brookite,  847 

Brown  coal,  546 
iron  ore,  350 
iron  stone.  850 
hem  a  lite,  850 
ocher,  850 
spar,  358 

Brucite.  351 

Brush ite,  510 

Bucholzite.  484 

Bucklandite,  439,  440 

Buhrstone,  827 

Bunsenite.  832 

Buntkiipfererz,  297 

Burrstone,  327 

Bushmauite,  535 

Bustnmite.  396 

Buttermilcherz,  819 

Byssolite,  401 

Bytownite,  879 


Cabreite,  509 
Cacholong,  829 
Cacoxenite,  Oacoxene,  518 
Cadmia,  447 
Cadmium  sulphide,  294 
Cadmium   blende,   v.  Green- 

ockite,  294 
Ccesium  silica' e,  882 
Cainosite,  v.  Cenosite,  488 
Cairngorm  stone,  326 
Caking  coal,  546 
Calamine,  446;  360 
Calaverile,  305 
Calc  sinter,  356 

spar,  354 

tufa.  356 
Calcioferrite.  514 
Calciostrontinoite,  868 
Calciovolborthite,  505 
Calcite,  354 
Calcium  arsenate,  510,  et6, 

antiuionate,  516 

bornte,  619,  520.  etc. 

carbonate,  854,  861 

chloride,  821 

fluoride,  820 

iodale,  517 

molybdate,  541 

niobutc.  489,  etc. 

nitrate.  517 

oxalate,  542 

oxy fluoride.  322 

phospliHle,  497,  507,  510, 
etc. 

silicate,  395.  380,  eU: 

sulphate.  528.  531,  etc, 

sulphide,  292 


Calcium  tantalate,  489 

titanate,  485.  487 

tungstate,  540 
Cale  ionite.  530 
Callainiie,  Calltds,  510 
Calomel.  317 
Campylite,  500 
Canaan  ite,  889 
Cancriniie,  411 
Canfleldite.  316 
Caunel  coal,  546 
Caoutchouc,  Mineral,  645 
Capillary  pyrites,  295 
Cai)orcianite,  457 
Cappelenite,  407 
Caracolite,  580 
Carbon.  272 
Carbonado,  272 
Carbonates.  858 
Carminite,  496 
Carminspath,  496 
Caruallite,  828 
Camelian,  326 
Carneol,  v.  Carnelian 
Carpholile,  447 
Carphosiderite,  586 
Carrol  lite,  297 
Caryinite,  495 
Caryocerite,  407 
Caryopilile,  484 
Cassiterite.  344 
Castanite,  586 
Castor,  Castorite,  869 
Caswellite,  469 
Catapleiite,  407 
Cataspilite,  408 
Cat's-eye,  342,  326 
Cauk.  Cawk.  525 
Celadouite,  481 
Celestine,  526 
Celestile.  526 
Ceisian  881 
Cenosite,  483 
Cerargyrite.  319 
Cerite.  447 
Cerium  carbonate,  864 

fluoride,  821,  822 

niobates,  489 

phosphates.  495.  509 

silicates,  440  447.487.0te. 
Cerussite,  Cerusite,  363 
Cervantite.  330 
Ceylauite,  Ceylonite,  888 
Chabasie,  458 
Chabazite.  458 
Chalcanthite,  584 
Chalcedony.  326 
Chalcocite,  290 
Chalcodite,  476 
Chalcomenite,  538 
Chalcophanite,  852 
Chnlcophyllite.  511 
Chalcopvrile.  297 
Chalcosiderite,  514 
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Ohalcosiiie.  290 
i;Ualc(>9libite,  808 
Chalcotrichite,  881 
Cbalk.  356 

Fieuch,  479 
Chulybite.  859 
Chnuioisite,  Chamosite,  476 
Chutbamite.  301 
CbemawiDite,  543 
Cbenevixite,  514 
Chert,  327 
(/bessy  copper,  365 
Cbessylite,  865 
Cbesterlite,  374 
Cbiastolite.  483 
CbildreDiie.  513 
Cbilenite,  286 
Cbiolite.  321 
Cbivialile,  807 
Chladnite.  384 
Cbloantbite.  801 
Cbloralluminite,  321 
Cblor-apatite,  498 
Cblorblei,  v.  Cotunuite 
Chlokidks,  317 
Cblorile,  472 
Chlobitb  Group,  472 
Chloritoid,  471 
ChloriUpath,  471 
Cblorocalcite,  321 
ChloroDiH/LMesite,  321 
Cbloromeluuite,  394 
Cbloropal,  484 
CbloropbsBite,  475 
Chloropbane,  320 
Chloiopbyllite,  408 
CblorqueckBilber,  817 
Cblorospinel,  388 
Chlorsilber  v.  Cerargyrite 
Cboiidrarseuite,  505 
C.'bondrodite,  443 
('hrisiniitine,  C-hrismalite,  543 
Cbrisiianite,  381 
CUristobalite,  328 
Cbristophite.  291 
CuuoMATBS,  529,  etc. 
Chrome  diopside,  889 
Chrome  spinel,  838 
ChromeisensteiD.  v.  Cbromite 
(/bromic  iron,  841 
Cbromite,  341 
Chromium  oxide,  341 

sulphate.  587 

sulphide,  297 
Cbrysoberyl,  842 
Cbrysocolla,  483 
Chrysolite,  420 
Chrysolite  Group,  419 
Chrysoprnse.  826 
Chrys  tile.  477 
CMnirchite.  509 
Ciniolife,  482 
Cini.abflr.  293 

Iiitlammable,  544 


CinuamoD-stone,  416 

Cirrolite.  fi06 

Citrioe,  826 

Clarite,  815         "* 

Claudetite.  330 

Claustbalite.  288 

Clay,  4S\  ei  seg. 

Clay  irou-stoDc,  335 
Brown,  350 

Cleavelaoditc,  878 

Cleiophaiie,  292 

Cleveite.  521 

Cliftonite.  273 

Clinocblore.  473 

Clinoclase,  505 

Clinoclusite.  505 

Cliuohedrite.  447 

Clinohumite,  448 

Clintonite,  471 

Clintonite  Group,  470 

Cliuozoisite,  489 

Coal,  Miuerul,  545.  546 

Cobalt  arsenate.  507,  509 
carbonate,  361,  367 
arsenide,   301,   802,  303. 

304 
selenite,  538 
sulph- arsenide,  801 
sulphate,  534 

Cobalt  sulphide,  801 

Cobalt  bloom.  509 

Cobalt  glance,  v.  Cobaltite 

Cobaltine,  801 

Cobalt iie.  801 

Cobnltomenite,  538 

Coccolile.  889 

Ca^lestiue,  526 

Coeruleolactite,  513 

Colienite,  281 

Coke.  546 

Colemunite,  519 

C5Iestine,  v,  Celcstite 

Collophauite.  507 

Collyrite,  483 

Colophonile,  417,  428 

Coloi-adoite.  292 

COLUMBATES,    «.    NlOBATES, 

489 
Columbite.  490 
Comptonite.  463 
Confolensite,  482 
Conichalcite.  511 
Connariie.  480 
Coniiellite.  530 
Cookeite.  467 
Copal.  Fossil,  548 
Copnline.  Copalite,  548 
Copiapite.  586 
Copper,  278 

Emerald,  v.  Dioptase,  424 

Gray.  812 

Indigo,  V  Covellite,  294 

Native,  278 

Red.  V,  Cuprite.  880 


Copper.  Vitreous,  v.  Cbalco- 
cite.  290 
Yellow,  297 

Copper  arsenate,  504.  505,  511, 
etc. 
arsenide,  286 
carbonate.  364,  365 
chloride.  817,  822/823 
mnnganate,  843 
iodide.  817,  819 
nitrate,  517 
oxides,  381,  382 
oxy chlorides,  822,  328 
phosphates.  504,  511,  0(0. 
selenides,  289 
seleiite.  538 
silicates,  424,  483 
sulphantimonute,  815 
sulphautimouites,  808  et 

seg. 
sulpnarseuates,  315 
sulpharsenile,  808,  etc, 
sulphates.  528.  580;  hy- 
drous, 584  et  seg. 
sulphides,  290.  294,  297  et 

seg 
sulpho-bismutbites,  808 
tungstatc,  541 
vanadates.  505 

Copper  glance,  290 

Copper  mica,  515 

Copper  nickel.  295 

Copper  pyrites.  297 

Copper  uranite.  515 

Copper  vitriol,  534 

Copi)eras,  584 

Coprolites,  499 

Coquimbite,  585 

Cordierite.  407 

Coruwallite,  511 

Covundophilite.  475 

Corundum.  888 

Corynile,  802 

Cosalite.  309 

Cossyrite.  405 

Cotunniie.  821 

Couseniuite,  426 

Covellite.  Covelline,  394 

Crednerite.  348 

Crichtonite.  887 

Cristobalite,  828 

Crooilite.  462 

Crocidolite.  404 

Crocoiie,  Crocoisite,  629 

Ci-omfordiie,  v  Phosgenita 

Cronstedtite,  475 

Crookesite,  289 

Ciossite,  405 

Cryolite,  321 

Cryopbyllite.  467 

Cryptolite.  495 

Cryptopertbite.  878 

Cuban.  297 

Cuban  ite,  297 
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in.  v.  Pharmacosider- 

Diaphorile.  309 

Eleclrum,  376,  548 

Diaspoi«,  3W 

Elemeuts.  371  ((mo. 

par,  V.  Anhydrite 

DiBtomite,  329 

KleuUie.  410 

eelie.  476 

Dicliroite.  407 

EleoDoritt,  518 

glie,  823 

Dickiusouitu.  507 

Eipiiiiii-.  407 

lugtoDile,  401 

Dimrlcliile,  535 

Einbolile,  810 

Dk-i7.^iie,  517 

EmbrilliJle.  309 

li'smuiite.  807 

Uihydrite,  605 

EmerKhl.  406 

lescUilzile,  SOS 

DIupalde.  868 

Orieiilal.  406 

rjdargyrlle.  31& 

Dtoptase,  434 

Uralinn,  418 

iiumiiite,  aaa 

Dl|>yre.  436 

Emerald  copper,  «.  Dloptue, 

cbeellte,  541 

Dlswrrite,  471 

424 

ungstite,  641 

Distbene.  434 

ine.  441 

UoK-loolli  aiiar,  866 

Emery.  333 

^484 

DokToplJunile.  680 
Doloiiiil.:,  357 

Emmoi'aile,  588 

lirolle.  585 

Enipleciiit-.  Eiiiplekltt,  808 

ricliite.  636 

Domeyklte.  286 

Enarpile,  815 

ite.380 

Domingiie,  :i08 

ite.  316 

Boppetatmlli,  356 

310             ' 

>lUu,  893 

Endlicbite.  501 

hane.  843 

Doi.bk'.rL-frii<-Hug  spar.  866 

Eiistntite.  384 

}.  428 

Dougliiaitc.  823 

EospboiUf,  514 

ite,  587 

Dretlite,  5-.'5 

Enibiiiilninterile,  816 

Le,  480 

Dry- bone,  360 

EpifbliiHlc,  475 

Dudleylte.  476 

Eiji<lidvniJ1e.  309 

D 

Dufreoite,  606 

En  DOTE  Gioiip,  487 

DufiiiuojsiK;.  300 

Epi'loie,  :133 

e.  499 

)umorli<.-.irt.  449 

Epigtriile.  315 

rite.  40S 

Episiilbito,  4S4 

).  804 

Epsom  Fidt.  633 

e,  414 

Dysimalyit.,  488 

EpxDiiiile  583 

ile,  431 

DyscniBiIe.  286 

Eibfnm  niol,ale.  480,  488 

iiorite,  401 

DyBliilte.  88B 

ErbfensleiM.ane 

kite,  517 

Dysodile.  644 

Enlkobiib.c.ABbotlte 

iie.  485 

DysMlie,  896 

ErdOI.  S44 

e.  Dutollili,  435 

DyBynlHblte,  410,468 

Erdpi'th.  646 

^ile,  Ditiibrelte,  833 

Erd«acbt.  548 

«llte,  297 

E 

Eiioile,  505 

nnite,  406 

Erubt^cilc.  1>S7 

ite.  823 

Ecdemite.  516 
Rcwm  de  Her,  480 

Ely  liriie,  500 

).  DiiTioa.  411 

Erylbrosiderile,  328 

[>ite.  806 

Bdelfte,  442 

Erjtbroziiitile,  386 

lite.  605 

Edeoiie,  403 

Esmarkile.  408 

te.  475 

Edingtonilc.  460 

Essontte,  416 

nUe.  439 

Egemn.  428 

Fdringlle.  638 
EiioniRle,  389 

xlte,  D«l»ai«eiie.  618 

Eblite.  605 

t,  e  DiHTiioud,  371 

Eichwaldite.  618 

Eiichroile.  511 

toiii.  417 

Eiien.e.   Iron.  281 

Eiiclase,  436 

ite.  518 

Eisenlilavi,  v.  Vivmnlla 

Eucolile,  407 

hire  Bppir,  330 

Eiwnl>1inl.e.  861 

Eucolilc-iitanJic,4M 

iilte.  605 

Eisenglanz.  834 

Eucryplile,  410 

le,  4S0 

ElE^ni:1imi>ii.'r,  836 

Eiiilinlvle.  407 

!zite,  616 

EisflDkiei.  300,  808 

Fudidvmiie,  869 

lulie.  445 

Eisenuickelkits,  393 

EiuivH'lilc.  407 

liie,  47B 

EIsoTiplfttin.  280 

Kl.L-.-NL'hUlZ.  814 

tile.  475 

Eiseiirabm.  385 

Eiil-jiTir,'  ^sa 

hitp.  516 

EUeiirosrn,  835 

Ell  k  las.  430 

■e.  389 

EIsenapMli.  359 

Kuly  line.  414 

:llt.  nialogite,  859 

Eh..i..h,,..fiuni.^.  610 

Eiilyllle.  414 
Kupyrrhiolte,  498 

'd,'271 

Kiv^teiii,  -.m 

Eiirallir.  475 

rul.       BlMol,       Lake 

Eli.tcniilP,  :il6 

Eiiiyn.l.ilc.  506 

jje.  325 

EI(eolH«.  410 

E<ixei>ii<.',493 

.7481 

Elalerite,  545 

Evauaite,  618 
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Facellite,  410 
Fablerz.  Fahlore,  812 
Fahl  unite.  408 
Fairfleldite,  507 
Falkenhaynite.  812 
FamatiDite,  815 
Faserkiesel.  484 
Faserzeolith,  v.  NatroHte 
Fassaile.  890 
Faujasite,  460 
Fayaliie.  422 

Featber-alum,  v.  Halotricbite 
Feather  ore.  809 
Federerz.  309 
Feldspar  Group,  869 
Feldspiir.  Baryta,  373,  881 

Blue  V.  Lazuiite 

Couiinou,  372 

Glassy,  372 

Labrador,  379 

Lime,  880 

Potash,  870,  878 

Soda,  877 
FelsObunyile.  587 
Felspar,  t>.  Feldspar 
Fergusouiie,  490 
Ferrates,  387 
Ferrocalcite.  856 
Ferroiroslarite.  588 
Fi  rronatrite,  586 
Feuerblende  v.  Pyrostilpnite, 

312 
Fibroferrite.  536 
Fibiolite,  488 
I'^ichtelite,  548 
Fiedlerite,  332 
Fillowite,  507 
Fiorite,  329 
Fire  opal.  329 

marble,  356 
Fireblende    v.  Pyrostilpnite, 

312 
Fiscberite.  512 
Flficbes  d 'amour,  345 
Flinkite.  506 
Fliut,  327 
Float-stone,  329 
Flos  ferri,  361 
Fluellite.  323 
Fluocerite,  322 
Fluor  f.  Fluorite, 
Fluor-apatite,  498 
Fluor  spar,  320 
Fluorides,  320  et  seq. 
Fluorite.  320 
Flussspatb,  320 
Foliated    tellurium   v.   Nag- 

yagite.  305 
FoDtaiiiebleau  limestone,  355 
Footeite.  32:5 
Forbesite,  510 
Forsterite,  422 


Fossil  copal,  548 

wood,  326.  329 
Fouqueite,  439 
Fowlerite.  896 
Franckeite.  316 
Francolite,  498 
Franklinite,  341 
Fraueueis,  tJ.  Selenite 
Fraueufflas,  v.  Mica 
Fndricite,  813 
Freibergite.  318 
Freieslebenite,  809 
Fi*ei)cb  cbalk,  479 
Freuzelite,  284 
Friedelite.  424 
Frieseite,  290 
Fucbsite,  466 

a 

Gndoliuite.  486 
Gabnite,  889 
Galactite,  461 
Galnpectite,  482 
Galena,  Galeuite,  287 
Galena.  False,  291 
Galenobisnmtite,  808 
Galmei.  446 
Ganomalite,  408 
Ganopbyllite,  452 
Garnet,  415 

Cinnamon,  416 

Chrome.  417 

Grossular,  416 

Oriental,  416 

Precious,  416 

Teirabedral,  v.  Helvite 

White,  t>.  Leucite 
Garnierite,  479 
Gastaldite,  404 
Gay-Lu8site,  366 
Gearksutite.  328 
Gedaiiite.  648 
Gedrite,  398 
Geblenite,  427 
Geikielite.  488 
GekrOssteiu,  528 
Gelbbleierz.  541 
Gellieisenerz,  537 
Gel beisen stein,  350 
Gcntbite.  479 
Geocerellite,  544 
Georerite.  544 
Geocronite,  314 
Geomyricite,  544 
Gerliardlite,  517 
Germ  A  NATES.  816 
Gersdortfite,  302 
Geyerite.  303 
Geyserite,  329 
Gibbsite.  361 
Gicscckite,  410.  466 
Git^antolite.  408,  466 
Gilbertite,  435 


Gilsonite.  545 
Gips,  V.  Gypsum 
Gira»ol,  329 
Gismondine,  457 
Gismondite,  457 
Glance  coal,  546 

Cobalt,  v.  Coballlte 

Copper.  V.  Chalcocite 
Glanzeisenei-z,  385 
Glanzkohle,  546 
Glaserite,  v.  Apbthitalite 
Glaskopf,  Brauiicr.  850 

Bother,  v.  Hematite,  835 
Glassy  Feldspar,  d78r 
Glauber  salt.  531 
Glauberite,  528 
G4aucodot,  304 
Glaucoliie,  426 
Glauconite,  481 
Glaucopbane,  403 
Glaukodot.  304 
Glessite,  543 
Glimmer.  «.  Mica 
Globosite,  513 
Glockerite.  536 
Glucinum,  «.  Beryllium 
Gmolinite.  459 
Goetbite,  849 
Gold.  275 

Gold  tellurides,  804,  305 
Goshen  ite,  406 
Goslarite.  583 
G^^thite,  349 
Goyazite.  514 
Grahamite.  545 
Gramenite,  Graminite,  484 
Grammatite,  401 
Granat,  «.  Garnet 
Grapliic  tellurium,  804 
Graphite,  278 
Gray  antimony.  288 

copper,  312 
Green  lead  ore,  499 
Greenockite,  294 
Greenovite,  486 
Grenat,  «.  Garnet 
Griphite.  502 

Grossular.  Grossalarite,  416 
Grothite,  486 
Grilnauite.  296 
Granbleierz,  499 
GrQneisenerde,  «.  Dnfrenite 
GrQnerite,  401 
Guadalcazarite,  292 
Guanajuatite.  S^ 
Guano,  499 
Guarinite,  487 
Guejarite,  308 
Guitermanite,  810 
Gummierz.  522 
Gummite,  522 
Gymnite.  479 
Gypsum,  Gyps,  681 
Gyrolite,  452 
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H 


Haarkies,  395,  303 
Haarsiilz.  533 

Hieiuatite,  v.  Hematite,  384 
Huidiufferite,  510 
Hair  siiTt,  533 
Halite,  318 
-^  Hallile,  476 
Halloyeite.  481 
Halotrichite,  535 
Hamartite.  364 
Hainbergiie,  518 
Hamliuite.  503 
Hanksitc,  530 
Hannayite,  510 
Haplome,  417 
Harlequiu  opal,  v.  Opal 
Harinotome,  456 
Hurstigite,  442 
Hartite.  548 
Hastingsite.  403 
Hatcliettiue.  Hatchettite,  543 
Hatchettolite,  489 
Haucliecornite,  395 
Hauerite.  301 
Haugbtnnite,  468 
Hausmaiiiiiie,  843 
Hautefeuillite.  508 
HaUyiie,  413 
HaQynite,  413 
Haydeniie,  458 
Heavy  spar,  524 
Hcbmnite,  503 
Hedcubergite,  389 
Hedypbaue,  501 
Heintzite,  530 
Heliopbyllite.  516 
Heliotrope,  336 
Helvite,  Helvine,  414 
Heinatit)rite,  511 
Hematite.  384 

Brown,  350 
Hematolite.  507 
Heiiiatostibiite,  507 
Heniimorphite.  446 
Henwoodite,  514 
Hepatic  ciDiiabar,  394 
Hercyiiite,  339 
Herderite.  503 
Herrengruudite,  536 
Herscbelite.  458 
Hessile   289 
Hessonite,  416 
Heteroclin   343 
Heulandite,  454 
Hielmite,  Hielmit,  498 
Hieratite.  321 
Hiddenite.  393 
Higligatc  resin.  548 
Uim'eerspalb,  359 
Hintzi'iti-.  520 
Hiortdahlite,  396 
Hishigerite,  484 


Hoeferite.  484 
Hoernesiie,  508 
HohmaoDite.  686 
Holzopal,  3,'9 
Holzzinuerz,  344 
Homiliie.  436 
Honey-stone,   Honigstein, 

Mel  lite 
Hopeite.  507 
Horbachite.  396 
Horn  quicksilver,  817 
Horn  silver,  319 
Horiiblei,  v.  Pbosgenite 
Hornblende.  399.  403 
HOrnesit,  Hornsilber,  319 
Hornstone,  837 
Horse-flesh  ore,  397 
Horsfordite,  286 
Hortonolite,  432 
Howlite,  519 
Huantajayite.  318 
Httbnerite,  539 
Hullite,  475 
Humboltine,  543 
Humboldtilite,  436 
Hiimboldtite,  486 
Huinite.  443 
Huntilite.  386 
Hureaulite,  510 
Hyacinth,  439;  416 
Hyalite,  839 
Hyalopbaue,  373 
Hyalosiderite.  430 
Hyalotekite,  408 
Hydrarcillite.  351 
Hydraulic  limestone,  856 
Hydroboracite,  521 
Hydrocarbons,  543 
Hydrocerussile,  366 
Hydrocyanite.  528 
Hydrofranklinite.  853 
Hydrogioberlite,  367 
Hydroliematite,  350 
Hydromagnesite,  367 
Hydroniica.  465 
Hydromuscovite,  465 
Hydronepbelite.  463 
Hycirophane,  329 
Hydropbilite,  321 
Hydrotalcite.  353 
Hydrozincite,  366 
Hyperstliehe,  385 
Hyposlilbite,  457 


«. 


Iberite.  408 
Ice.  331 
Ice  spar,  373 
Iceland  spar,  355 
Iddingsite   433 
Id(vcra«e.  427 
Idrialiue,  Idrialite,  544 


leelstrOmite,  853 
Ihleite,  535 
Ilesite,  583 
Ilraenite,  886 
Ilmenonitile,  845 
Ilvaite,  445 
Indianaite,  483 
Indiauite,  380 
Indicolite.  448 
Indi^olite,  448 
Inesfte.  453 

Inflammable  cinnabar,  644 
Infusorial  earth.  829 
lodate  of  calcium,  517 
Iodides.  319 
lodobromite,  819 
lodyrite,  819 
lolile.  407 

Hydrous.  408 
Iridium,  Native,  380 
Iridosmine,  380 
Iron,  Chromic,  v.  Ghromite 

Magnetic,  339 

Meteoric.  281 

Native,  381 

Oligii't.  V.  Hematite 
Iron  aluminate,  889 

arsenates,  508.  509,  etc. 

arsenides.  308 

carbide,  381 

carbonate,  359 

chlorides,  331 

chromate.  341 

colunibate,  490 

ferrate.  839 

hydrates.  349,  850.  etc, 

niobate,  490 

oxalate.  543 

oxid's  334. 339:  hydrated,. 
349,  350 

phosphates,  506,  508.  510, 
etc. 

silicates.    433,   445.   476, 
476 

sulphaniimonite.  308 

fiulpharsenide.  303 

sulphates,  534,  535,  586» 
eUi, 

sulphides,  293.  396,  300. 
303 

magnetic,  396 

tanlalate-i.  490 

tellurite.  58S 

titanates,  336,  348 

tungstates.  539,  543 
Iron  alum.  53'') 
Iron  natrolite.  461 
Iron  pyrites.  300,  308 

Magnetic.  296 

White.  303 
Iserine,  Iserite,  337 
Isocla«ite,  511 
Itabirite.  386 
Itacolumite,  337 
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Jacobs!  te.  341 
Jade,  893,  394.  401 
Jade  teDnce,  394 
Jadeite,  393 
Jalpaite.  289 
Jamesonite,  308 
Jargon,  429 
Jarosite.  537 
Jasper,  827 
Jaspopal.  329 
Jefferisite.  476 
Jelfersonite,  390 
Jereinejevite.  618 
Jet,  546 
Johannite,  538 
Johnsirupitc,  487 
Jorduiiite.  313 
Joseite.  285 
Josephiuite,  281 

K 

Eaersutite.  402 
Kainite.  580 
Kakoxen,  518 
Kaliborite.  520 
Kalifeldspath,  v,  Orthoclase 
Kaliglimmer,  464 
Kalinile.  535 
Kaliophilite,  410 
Kalisal peter,  v.  Niter 
Ealkglimmer,  470 
Kalkspath.  354 
Kalkiimnit,  515 
Kail  ait,  v.  Turquois 
Kallilitc,  302 
Kalomel.  317 
Kaluszite.  534 
Kamacite,  281 
Kttminererite,  474 
Kamarezite,  536 
Eammkies.  303 
Kampylite.  499 
Kaolin.  481 
Kaolin ite,  481 
Karminspatb,  v.  Carminite 
Karneol,  «.  Carnelian 
Karstenite,  «.  Anbydrile 
Karyinite.  495 
Kataforite.  402 
Katzenauge,  v.  Cat's-eye 
Kaut<:cliuk.  fossiles,  545 
Keboeite,  514 
Keilbauite,  487 
Kelypbite,  418 
Kenlrolite.  446 
Kermes,  305 
K*  rmesite,  305 
Kerosene,  544 
K(  rrite.  476 
Kibdelopban.  837 
Kidnsy  ore.  335 
sioue,  401 


Kieselwismutb,  414 
Kieselzinkerz,  446 
Kleserite,  531 
Kil)>rickenite,  314 
Killinite.  466 
Kjerulfine.  502 
Klapmtbolite,  307 
Kliiioklas.  505 
Klinozoisit,  439 
Kuebeiite,  422 
Knopiie    488 
Knoxvillite,  536 
RobaltblQtbe,  509 
Kobaltglanz.  v.  Cobnltite 
Kobnltkies.  v  Linnaeite 
Kobaltspatb,  v.  Sphserocobal- 

lite 
Kobcllite.  309 
Kocbsalz,  V.  Halite 
Koettigite,  509 
Koiile.  545,  546 
Koblenspatb,  v.  WbewelHte 
Koksbarovite.  402 
Konpbcrgiie.  279 
Kdnigine,  KOiiigite,  530 
Koninckite.  510 
Koppite.  489 
Kornerupine.  451 
Koruud  9.  Corundum 
Kotscbubeite.  473 
KOttigite.  509 
Krauizite,  543 
Kraurite,  506 
Kreitlouitc,  389 
Kreinersite,  323 
Krennerile,  305 
Krisuvigitc,  530 
KrOlinkiie,  536 
Krdnkite,  Kr^nnkite,  586 
Kryptopertliit.  373 
Kupfer.  V.  Copper 
Kupfenintimoiiglanz,  308 
Kupferblende,  318 
Kupferglanz,  v.  Cbalcocite 
Kiipferglimmer,    «.    Cbalco- 

pbyllite 
Kupfcrindig.  294 
Kupferkies.  297 
Kupferlasur.  365 
Kiipfernickel.  295 
Kupferscbaum,  511 
Kupferuranit,  515 
Kupferviiriol,  534 
Kupfferile.  402 
Kyanite.  434 
Kylindrite,  316 


Labrador  feldspar.  879 
Labradorite.  379 
Lagonite.  519 
Lampadite.  352 
Lanarkite,  530 


L&ugbanite.  446 

Langbeiniie.  528 

La n vile,  536 

Laiisfordiie.  367 

Lantliaiiite,  366 

Lantbanuni  carbonate,  886 

Lapis-lazuH.  413 

Larderellite,  519 

Lasurnpatiie.  498 

Lasurite,  413 

Latrobite.  380 

Laubaiiitc,  457 

Laumonite.  457 

Laiimontite,  457 

Laurionite.  322 

Laurite,  302 

Lautarite,  517 

L&venite,  395 

Lavroffite,  Lavrovite,  889 

Lawrencite,  821 

Lawsonite,  447 

Lazulite,  506 

Lazurite.  418 

Lead.  279 

Black.  278 
Native,  279 
Wbite,  V.  Cerussite 

Lead  antimonatc.  516 
arsenates,  500 
carbonates.  863.  866 
chloride,  821,  322 
chloro-carbonates,  864 
chromates,  529 
dioxide.  846 
molybdate.  541 
oxides.  332,  348.  846 
oxycblo rides.  822 
phosphate,  499 
selenides,  288,  289 
silicaies.  408.  446 
sulphantimonate,  815 
8ulpbautimouite8.808,  etc, 
sulpbarsenites.  808,  ete, 
sulphates.  527,  etc. 
sulphatocarttonate,  529 
sulphide.  287 
sulpbobismutbites,     808» 

etc. 
telluride.  288 
tungsUite,  641 
yanadates.  600,  505 

Lead  glance,  287 

Lead  vitriol,  v.  Anglesite 

Leadhillite.  529 

Lecontite.  531 

Ledererite,  459 

Lederite.  486 

Lehrbacbite.  289 

Lennilite,  476 

Leon  bard  ite,  457 

Leonite,  585 

Leopoldite.  819 

Lepidolite.  467 

Lepidomelane,  470 
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L4;p(>lite,  880 
Lettsoinite,  536 
Leuaiugite,  890 
Leuchteiibergite  478 
Leucite,  881 
Leucochalcite,  511 
Leucomauganite,  507 
Leucopeirite,  544 
Leucophanite.  407 
Leucopyrite,  803 
Leucoxene.  837,  486 
Levyiiiie,  Levyne,  459 
Lcwisiti',  516 
LibL'thenite,  504 
Lfebeneiite.  410.  466 
Liebigiie,  867 
Lievrite»  445 
Lignite,  546 
Lii^^uriie,  486 
Lillianite.  810 
Lime,  v.  Calcium 
Lime  ui-anite,  515 
Liinestoiie,  857 

Hydraulic,  857 

Mague8iaD,858 
LImonite,  350 
Linnrile.  530 
Lindackerite.  516 
Linnsite.  297 
Liiiscnkupfer,   «.  Liroconite. 

514 
Linsenerz, 
Liutonite,  462 
Liroconite,  514 
Llskeiirdite  518 
Lithia  mica,  467 
Litbioiiglimmcr.  467 
Litbiopbilite.  496 
Lithium  pbospbates,  496,  508 

silicates,  393,  410.  467 
Lithographic  stone,  850 
Lithomarge,  481 
Liyingstonite,  807 
Loadstone.  Lodestoue,  889 
Loeweite.  535 
Loewiifite.  538 
LOllin^ite.  303 
Lornndite.  308 
Loa«enite,  516 
Lttwf ite,  535 
Lawigite,  538 
L(>X(H:liise,  372 
Luckito.  534 
Ludlamite,  518 
Ludwigite,  518 
Lumacbellc.  356 
LQneburgitc.  516 
Lussatite,  326 
Lutecite,  328 
Luzon ite.  315 
Lydian  stone.  327 

M 

Mackiuloshitc.  437 


Made,  488 
Maconite,  476 
Magnesioferrite,  841 
Magnesite,  858 
Magnesium  aluminate,  888 

arsenate,  508 

borate,  519,  520 

carbonates.  858,  866,  867 

ferrate,  341 

fluoride,  321 

hydrate,  351 

molybdate.  542 

oxides.  881,  351 

phosphates.  502,  508,  510 

silicates.    384.    885,   etc; 
419,  443,  476.  479,  480 

sulphates.  581,  583 

titauate,  488 
Magneteisensteiu,  839 
Magnetic  iron  ore,  339 
Magnetic  pyrites,  296 
Magnetite,  339 
Magnetkics,  296 
Magnoferrite.  841 
Mahichite.  364 

Blue,  V.  Azurite 

Green.  361 
Mnlacolite,  888 
Malacon.  Malakon,430 
Maldonite,  276 
Mulinowskite,  318 
Mallnrdite,  534 
Maltha,  544 

MANGANATE8,  887 

Manganandalusite,  438 
Maniranapatite,  498 
Mangan  blende,  292 
Maugimbrucite,  351 
Manganchlorite.  474 
Manganepidote.  440 
Manganese  antimonate,  507 

arsenates.  502,  505,  506 
507 

carbonate,  859 

oxides,  34«5 

disulphide.  801 

hjrdrates.  849,  851,  852 

niobate.  490 

oxides.  832.  842. 848.  845, 
847,  849.  351 

phosphates.  496,  502.  507 

silicates,    895,   422,   484, 
etc. 

sulpliates,  531.  584 

sulphide.  292.  301 

tantalate.  490 

litannte.  337 

tunijstnte.  539 
Manganglanz.  292 
Mangangranat.  v.  Spessartite 
Mangan]iedenl)ergite,  389 
Mauganite.  349 
Manganmagnetite,  840 
Manganocalcite,  856,  860 


Manganocohimbite,  491 
Mauganopliyllite,  468 
Maugauosiderite.  860 
Mangauosiie.  882 
Manganostibiiie,  507 
Mangauotantiilite.  491 
Manganpectoliie.  395 
Manganspath.  859 
Mangan  tan  tali  te,  492 
Marble.  356 

Verd-aniique,  477 
Marcasite,  802 
Marceline,  848,  896 
Margarite  470 
Margarodite,  465 
MarCilite.  426 
Marmutite,  291 
Marmolite,  477 
Marshite,  817 
Martiuite.  610 
Martite,  886 
Mascagnite,  528 
MaskeTynite.  880 
Mason  ite.  472 
Massicot,  382 
iMasrite,  535 
Matildite.  308 
Matlockite,  322 
Mauzeliite,  516 
Maxite.  529 
Mazapilite,  514 
Meerschaum,  480 
Meionite,  425 
Melnconite,  382 
Melanasphalt, 
Melanglanz,  814 
Melnnire,  417 
M('lun<H!erite,  407 
Mcianophlogite,  828 
Melanotekite.  446 
Mehmterite,  534 
Melilite,  Mellilite.  426 
Melinophane.  v,  Meliphanite 
Meliphanitc.  407 
Mellate  of  aluminium,  642 
Mellite.  542 
Meionite,  297 
Meuaccanite.  886 
Mendipite,  822 
Mendozile.  535 
Meneirhinite.  818 
Menilite,  829 
Mennige,  848 
Mercury.  279 

Horn,  817 

NatiTc.  279 
Mercury  anlimonite,  516    . 

chloride.  317 

selenidcs.  292 

sulphides,  292,  298 

sulplioselenide,  292 

telluride.  292 
Mercury  amalgam,  279 
Meroxene,  468 
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Mesitite.  Mcsitiue.  859 
Mesitiusputl),  859 
Mesole,  v,  Tbomsouite 
Mesolite,  4(52 
Mesoiype,  462 
Messelile,  507 
Metabrusbitc.  510 
Metuciniiiibarite,  292 
Metiistibniie,  284 
Metavoltiue.  587 
Meteoric  iron,  281 
Mexican  onyx.  356 
Miargyrite,  308 
Mica  Group,  463 
Mica.  Iron,  467.  470 

Lime,  470 

Litbia.  467 

Magnesia,  467,  469 

Potasb.  464 

Soda.  467 

Vunudium,  470 
Miciiceous  iron  ore,  885 
Micbel-levyte.  525 
Microcline,  878 
Microcosmic  salt,  510 
Microlite.  489 
Mtcrosommite,  411 
Micropertbile,  878 
Micropliyllite.  879 
Microplukite,  879 
Miersite,  819 
Miesite.  499 
Mikrokliu,  378 
Milnrite,  369 
Milky  quartz.  826 
Millerite,  295 
Miuietenc,  Mimetesite,  500 
Mimetite.  500 
Mineral  caouichouc,  545 
Mineral  coal,  545 

oil,  544 

pitch,  545 

resin,  548 

tallow,  543 

tar,  V.  Pittaspbalt 

wax,  548 
Minium.  348 
Mirabilite.  531 
Misenitc.  530 
Mispickel.  308 
Misy.  536 
Mixite,  515 
Mizzonite,  426 
Mociia  stone,  v.  Moss  agate 
Mock  lend.  291 
Molybdftnbleispath.  541 
Molybdanglanz,  285 

MOLYBDATES,  539 

Molybdenum  sulpbide,  285 
trioxide,  830 
Molybdenite.  285 
Molybdicocber.  330 
Molybiiite.  380 
Molybdomenite,  538 


Molysite,  831 
Monazite,  495 
Monetite,  507 
Monbeimite,  860 
Monimolite,  496 
Monite.  507 
Monrolite,  434 
Montanite,  588 
Monticellite,  422 
Montmorillonite,  482 
Moonstone,  872,  877 
Mordenite,  453 
Morenosite,  588 
Morion.  826 
Moroxite,  498 
Mosandrite.  487 
Moss  agate,  326 
Mottramite,  505 
Mountain  cork,  401 

Idtither,  401 

soap,  482 

tallow,  548 

wood.  401 
Mailer's  glass,  829 
MuUicite,  508 
Mundic.  v.  Pyrite 
Murcbisonite,  872 
Muscovite.  464 
Muscovy  glass,  466 

N 

Nndeleisenerz.  9.  OOtbite 

Nadelerz,  «.  Aikiuite 

Nadelzeolitb,  461 

Nadorite,  516 

Nagyagite,  805 

Nailbead  spar,  855 

Nantokite,  817 

Napalite,  548 

Napbtha,  544 

Native  Elements.  271 

Natrium,  v.  Sodium 

Natroborocalcite,  520 

Natrolite,  461 

Natron,  866 

Natron mikroklin,  874 

Natron  or  thoklas,  873 

Natropbilite.  496 

Naumannite,  288 

Needle  ironstone,  849 

Needle  ore,  v.  Aikinite 

Needle  zeolite,  v.  Natrolite, 

461 
Nemalite,  851 
Neotocile.  396.  484 
Nepbeline.  409 
Nepbelite,  409 
Nepbrite,  894.  401,  477 
Neptunitc,  487 
Nes(iuebouite,  366 
Nevjan.«kite,  280 
Newberyite.  510 
Ncwtonite,  482 


Niccolite,  295 

Nickel  antimonide,  296 

arsenates,  509 

arsenides,  295.  801,  804 

carbonate.  867 

oxides,  382 

silicate.  479 

sulphaniimonide,  S03 

sulpbarsenide.  802,  904 

sulphate.  538 

sulphides,  293,  295,  296 

telluride.  297 
Nickel  telluride,  297 
Nickelantimouglanz,  v.   UU- 

mannite 
Nickelarscnikglanz,  «.  Gen- 

dorfflte 
Nickel-gymnite,  479 
Nickel-skutterudite,  802 
Nigrine,  845 

NiOBATES,  489 

Niter.  Nitre,  517 
Niter,  Soda.  577 
Nitrates,  517 
Nitrobarite,  517 
Nitrocalcite,  517 
Nitroglauberite,  517 
Nitromagnesite,  517 
Nivenite,  521 
Nocerite,  322 
Nontronite,  484 
NordenskiOldine,  518 
Nordmarkite.  450 
Nortbupite.  864 
Nosean,  Nosite,  418 
Noselite,  418 
Noumeite.  479 
Nugget.  277 
Nussierite,  499 


O 

Ocber.  Brown,  850 

Red.  385 
Ochrolite,  516 
Octabedrite,  346 
Odontolite,  512 
(Eil  de  chat,  826 
(Ellacherite,  466 
Oil.  Mineral.  544 
Oisanite,  489 
Okenite.  452 
Oldbamite.  292 
Oligist  iron  «.  Hematite^ 
Oligoclase.  878 
Oligomite.  8.'i9 
Olivenerz.  504 
Olivenite.  504 
Olivine.  420 
Ompbacite,  Omphazit, 
Oncnsin,  465 
Onofrite.  292 
Onyx.  326 

Mexican,  856 
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Opal,  S2S 

Opal  Jnspei',  329 
Opblctiicite,  477 
Opiiiolite,  477 
Ophile.  478 
Ornngite,  430 
Oriental  alabaster,  8B6 


ruby.  S8S 

topM.SSS 
Orpiracnt.  388 
OTthiic.  HO 
OrtliiwIiiBe,  870 
Ortbose.  n.  Oriboclase 
Oemelitc,  -J9S 
Osmlrliliiim.  280 
OBmluiuBiilpbide,  803 

OBtcoliu    


Otlre 


:   471 


417 


Oweoile  475 
OlALATM,  543 
Oxammite,  S43 

OXTCIILOHIUKB,  33il 
OXIFLl^ORIUKH  333 
OSTBULfJlIOKB.  805 

OrMtkitfi.  iH-i 
Ozocerite,  Ozokerit,  54S 


FachDolite,  838 
Puodlie.  460 
Pkbberglte,  8»6 
PalUdtuui,  Nfttive.  SSI 

Pnuabuse.  v,  Tidlmhedrite 
Pandermll*',  520 


FangoDite.  467 

Paruliimiiiiti',  587 

fammeliicotiile.  383 

Pknsiie,  91 B 

pBrgaslic.  403 

Parfsile,  364 

Parophile,  406 

Parrot  ciml,  546 

Partncbliiite.  Panscbla,  419 

Pear.  elie.  315 

Pearl  sinter.  328 

Pearl -spar,  357 

Pest.  546 

Pebble.  Bmzilmn.  325 

Petbbleuiie,  Percberz,  691 

Peckliamiie  387 

Pectollte.  8B5 

Pegntilte,  513 


Pencil-  .  _.  _ 
PenHeldlte.  839 
Feu  nine,  474 


483 


408 

Percyllie,  333 
Periclase,  331 
Periclioe.  PerikllD,  877 
PtriJoi,  420 
Perimerile,  377 
Pertbite,  373 
Perofskiie,  487 
Perovskile,  487 
Peruwskii.  487 
PclalilL-,  368 
Petrified  wood,  337 
Pelmleiiai,  544 
Petziie.  2119 

Phacellle.  Fbacellile.  410 
Pbiicollle,  458 
Plinvmacolile,  510 
PbarmucosUlerite,  513 
Pheunciti:.  Plicoakft,  438 
Pbt'iigilL-,  466 
Pbllaaelpliile.  478 
Pbiliipiie.  586 
Pbilllpsitc,  456 
Plllogopilt;,  469 
Pbieuiciic.  539 
PliCTiiicocliroite,  52D 
Pliolfiltc,  481 
Pbniidollie,  481 
PhiWKeiille,  864 
I'UOsrl 


PIlO! 


',  4QS 


Pb»Bpb..]-*il/,  510 
Plioapliosiderite,  510 
Pbo«]ibi]rauylil«,  516 
Pbniidie   3IM 
Fliyllite.  47 
P!iysaUl£,  433 
Pii;iiL-.  513 
Pickeriugiie.  5S5 
Plcotiie,  888 
PiciMprdole,  439 
Picroilie.  Pikroilt,  477 
Picromerlle,  535 
Pit^rupbarniBOilile,  906 
Piedmont  lie,  440 
Plnakiolile,  518 
PInguito.  484 
Piuiie.  466.  408 
Pinnoiie.  530 
Piotbie.  480 
Plrswnile,  386 
Pisanlle,  684 
Pisolite,  356 
PUtacite.  Piatatil,  438 
Piatrinipsilf.  859 
Pitch,  Mineral, 
Pltcbbleiide.  531 
Pittaapbalt,  544 
PilHcile.  Pillizit,  618 
Plagioclii.se,  374 
PiiigiDiiite,  308 
Plauna,  336 


Fluster  of  Paris,  688 
Plalina,  Plallne,  380 
Plallnlridhim.  380 
Pliitlnum,  Native.  280 
PI  at!  Q 1 1  m,  arsenide,  S03 
Phil-       ■       ■  ■  - 


:.  U46 


Plunib:igo,  373 
Plmiil.ogiimi.iile.  514 
Ploinbiicalcile.  860 
PlimilKWiib,  308 
Poliaiiice,  345 
Pollucite.  Pollm.  888 
Polyadclpblte.  417 
Polyarglie,  466 
Poly argy lite,  316 
Folyiirsenilc,  503 
Folyliiisile,  314 
Folyerase,  4S8 
Polycbroilile,  403 
Polvdyiulte,  398 
Polybxllie,  63S 
Polylltbionile.  487 
Falyniii;nlte,  493 
Polyapbierlle.  499 
Poonalillie,  v.  Scoleclte 
Por|>ezite,  275 
Poaepnyte,  544 
PoiHsb  alum,  G20 
Poliisaium  borate.  630 

cliloride,  318.  328 

nllrate,  517 

siliraie,    870,    378.    881, 
464,  «-■. 

euiphate,  628 
ji5tonc.  479 
Powellite.  541 
Prase,  836 
Praseolite,  4 


IvllTt 


i,  442 


I*flbrnniUe,  291 
Friceite.  520 
Prlsiuatiue.  451 
Proeblorite,  476 
Prulectllc,  443 
Prosopitt.  a33 
Proiobasiite,  385 
ProuBlite,  811 
Fnusian  blue.  Native,  606 
Przibi-ainile,  291.  849 
Pse  11(1  rtb  rook  ite,  343 
Pseudocjimpyilte,  498 
Psetiitoleucllt:.  383 
FsPM.IoinHlhcliite,  605 

dupi.ite,  474 

.l..-ic,TlitB.  483 

'i.ielxut,  353 
Psiltacimiie.  606 
Ptlloiile,  468 
Piirlierite,  496 
PiifleHte,  457 

imu,  894 
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Purple  copper  ore,  297 
Pubchkiiiite.  439 
Pycniie,  432 
Pynirgilliie,  408 
Pyrargyrite,  311 
Pyreneite,  417 
Pyrgom.  390 
Pyriie,  800 

Pyrites,  ArseDicnl,  «.  Arseno- 
pyrite,  808 

Capillury.  295,  308 

Cockscomb,  803 

Copper.  297 

Irou,  300,  302 

MaL'netic,  296 

Radiated.  808 

Spear.  808 

Tin.  316 

White  irou,  802 
Pyroaurite.  852 
Pyrochlore.  489 
Pyrocbrolie.  851 
Pyrolusite.  847 
Pyromorphite,  499 
Pyrope,  416 
Pyropbanite,  887 
Pyropbospborite,  507 
Pyropbyllite,  482 
Pyropliysalite,  482 
Pyroretinite,  544 
Pyrosclerite,  476 
Pyrosmalite,  424 
Pyrostibite,  807 
Pyrostilpuite,  812 
Pyroxene,  387 
Pyroxene  Group,  882 
Pyrrbarsenite,    ryrrhoarsen- 

ite.  495 
Pyrrbite,  490 
Pyrrbotine.  296 
Pyrrhotlte,  296 


Quartz,  324 
luartzine,  328 
]ujirtzite,  327 

Qunrz,  324 
luecksilber,  Oediegen.  279 
luecksilberbrunderz,  544 
juecksilberbornerz,  817 

Qiienstedtite.  535 

Quetenite,  538 

Quicksilver,  279 

R 

liildelerz,  810 
Riimoudite.  586 
Riilstouite.  323 
Rimirite,  505 
Rammelsbergite,  804 
Ranitc,  463 
Raspite,  541 


Rfltbite,  309 

Raucbquarz,       v.       Smoky 

Quartz.  326 
Raumite,  408 
Realgar,  282 
Red  antimony,  v.  Kermesite 

cbalk,  335 

copper  ore,  381 

hematite,  384 

iron  ore,  835 

lead  ore.  529 

ocber,  385 

silver  ore,  811 

zinc  ore,  382 
Reddingite,  508 
Reddle.  335 
Rediugtonite,  687 
Redrutbite.  290 
Reiuite,  542 
Reissite,  454 
Remingtonite,  867 
Rensselaerite.  479 
ResiD.  Mineral,  548 

Higbgate, 
Retinalite,  477 
Retinite,  548 
Retzbanyite,  807 
Retzian,  507 
Rezbanyite.  807 
Rbal>dophane,  509 
Rbabdopliauite,  509 
Rliaetizite,  484 
Rliagite,  516 
Rhodalose.  v,  Bieberite 
Rliodizite,  519 
Hbodocbrome,  474 
Rhodocbrosite,  359 
Rhodolite,  416 
Rliodonite,  395 
Rbodopbyilitc,  474 
Rhodoiilite,  452 
Rbyacolite,  372 
Ribiud  jasper,  827 
Ricbellite.  514 
Ricbterite,  401 
Riebcckite,  404 
Rinkite.  487 
Ripidolite,  473,  475 
Rittingerite.  812 
Rock  crystal.  326 

meal,  356 

milk,  856 

siUt.  318 
Roeblin^ite,  408 
Rnemeifte,  586 
Roepjierile,  422 
Romanzovite.  418 
Romeitc,  Romeiiie,  516 
KOmerite,  536 
Roscoelite,  470 
Rose  quartz.  326 
Roseliie,  507 
Rosen bu sell itc,  895 
1  Rosile,  466 


'  Rotbbleierz,  629 
Rotbeisenerz,  RotbeiseDstein, 

335 
RotbgQltigerz,  311 
Rotbkupfererz,  318 
Rotbnickelkies,  295 
Rotbotiite,  417 
Rotbspiessglanzerz,  305 
Rotbzhiker/,  332 
Row  Inn  (lite,  487 
Rubellite,  448 
Rubicelle.  838 
Rubin,  338 
Ruby.  Almandine,  888 

Balas,  338 

Oriental,  338 

Spinel.  338 
Ruby  blende,  291 
Ruby  copper.  318 
Ruby  silver,  811 
Ruby  spinel,  838 
Ruby  zinc.  291 
Ruin  marble,  856 
Rumflnite,  548 
Rumptite,  476 
Ruthenium  sulphide,  802 
Rutile,  845 


S 


Safflorite,  304 
Sagenite,  826,  845 
Sahlite,  389 
Sal  Ammoniac,  819 
Saliie,  889 
Salmiak.  319 
Salmiie,  472 
Salt,  Rock,  318 
Saltpeter,  v.  Niter 
Salvadorite,  584 
Samarskite,  492 
Sammetblende,  849 
Sandbergerite,  818 
Sanguinite.  312 
Sanfdine.  872 
Saphir  d'eau,  408 
SapoDite,  480 
Sapphire,  388 
Sappbirine.  451 
Sarcolite,  426 
Sani,  826 
Sardonyx  827 
Sarkinite,  602 
Sartorite,  308 
Sassolite,  Sassolin,  868 
Satin  spar,  356,  682 
Saualpite.  488 
Saussurile.  488 
Scacchite.  821 
Sc}i|)olite,  Common.  425 
ScAPOMTE  Group,  424 
Scbalenblende,  291 
Scbapbachite.  3(19 
Scbaumerde,  866 
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Scbauuispath,  355 
Scheelbleispath,  v.  Stolzite 
Scbedite.  540 
Sclie«l8path,  V,  Scheelite 
Scheererite,  548 
Scbefferite,  389 
Scb  tiler-spar,     Scbillerspatb, 

886 
Scbirmerite.  308 
Scbluiigenalabasler,  528 
Schmirgel,  338 
Schneideriie,  457 
Schoeuite,  585 
ScbOiiite.  535 
Scborloinite.  419 
Scborza,  489 
Scbreiberslte.  281 
Scbrifterz,  Scbrifttellur,  804 
ScbrOtteiite,  483 
ScbuD^ite,  :^78 
ScbuppeusteiD.  467 
Schwurtzembergite,  822 
Schwatzite.  313 
Scbwefel  «.  Sulpbur,  278 
Schwefelkies.  800 
Scbwefelquecksilber,  298 
Schwerbleierz  v.  Plattnerite 
Schwerspatb,  524 
Scleroclase.  308 
Scolecite,  Scolezite,  462 
Scorodite,  5U9 
Scorza.  489 
8coTiilite.  509 
Seebacbite,  458 
Srlbnidbs,  288»  289 
Selenite.  532 
Sbleniteb,  638 
SeleDiuin.  271 
Selenquecksilber.  292 
SeleDsuIpbur,  274 
Selenwismutbglanz,  284 
Sellnite.  321 
S§in§liue,  486 
Semi^pnl.  329 
Semseyite,  309 
Senarmoiitite,  880 
Sepioliie,  4H0 
Sericite.  465 
Serpen  liue.  476 
Serpierite,  536 
Seybertile.  471 
Sbeptirdtte.  882 
Shell  ninrble,  356 
Siberiie.  448 
Slderite,  :^59 
Sideronatrite,  587 
Sideiophyliiie,  468 
Sicgcnite.  297 
Sillier,  V.  Silver.  278 
Silberanialgam,  279 
Silberglanz.  288 
Silberliornerz.  319 
Silex.  Silica.  824 
Silicates,  368 


SiliceouH  sinter,  329 
Silicifled  wood,  327 
Silicou  oxide,  324,  328,  329 
SilliiiiuDite.  4S3 
Silver,  Native,  278 
Silver  iiutimouide,  S86 

ur  i-nide,  '^86 

bisniutbide.  286 

bromide,  319 

clilorides,  319 

ioilide.  319 

seleDide.  268 

sulpbnDtiuioDites.308, 811 

siilpbarsenite,  811 

sulphide,  288,  290 

sulpbo  bistnutbite,  308 

siilpbo-germnnate,  816 

telluiide.  286,  289,  805 
Silver  glance.  288 
Simetite,  548 
Simony  it  e,  585 
Sinter.  Siliceous,  329 
Sipylite,  490 
Siserskite,  280 

Sismondine,  Sismondite,  472 
Sisserskite,  280 
Skapolith,  425 
Skleroklas.  308 
SkogbOlite,  492 
Skutterudite,  802 
Smaltite,  Smaltine,  801 
Smaragd.  v.  Emerald 
Smarajgdite.  401 
Smectite.  482 
Smegmatite.  482 
Smirgel.  888 
Smitbsonite,  860 ;  446 
Smoky  quartz,  826 
Soapstoue,  479 
Soda  alum,  535 
Soda  microcline,  378 
Soda  niter,  517, 
Soda  orthoclase,  872 
Sodalite,  412 
Sodium  bonite.  520 

carbonate.  366,  867 

cbloride.  818 

tluoHde.  321,  etc. 

nitrate.  417 

phosphate,  496,  etc. 

silicate,  412.  460.  461 

sulphate,  528 ;  bydrous. 
531,  eU-. 
Sonnenstein.  v,  Sunstone,  378 
Spadnite,  480 
Spanijolite,  530 
Spargelstein,     v.    Asparagus 

stone 
Spathic  iron,  359 
Spatheisenstein,  v.  Siderite 
Spejir  pyrites.  808 
Speckstein.  479 
Specular  iron.  835 
Si)eerkies,  303 


Speiskobnlt,  801 
Spessartine.  Spessartite,  4 
Sperryliie,  302 
Sphcerite.  513 
Spbaerocobaltite,  3C1 
Sphalerite,  291 
Spliene,  485 

Spiauterite,  v.  Wurtzite,  2 
Spinel.  338 
Spinel  ruby,  388 
Spintb^re.  4(<6 
Spodiosite,  502 
Spodumene,  393 
Spreustein.  461 
SprOdglanzerz,  814 
SprDdulaserz,  314 
SprOdglinimer,  470 
Spnideistein,  361 
Staffelite.  499 
Stalactite,  356 
Stalagmite,  356 
Stanuite.  Staunine,  815 
Stassfurtite.  519 
Star-quartz,  826 

sapphire,  388 
Staurolite,  450 
Staurotide.  450 
Steatite,  479 
Steenstrupine.  407 
Stein heilite,  408 
Steinkohle,  546 
Steinmannite,  288 
Stein  mark,  v.  Litbomarge, 
Stein Al.  544 
Steinsalz,  818 
Stephanite,  814 
Stercorite.  510 
Stern  bergite,  290 
Stibiconite,  330 
Stibnite,  288 
Stilbite,  456;  454 
Stilpnomelane,  476 
Stolpenite.  482 
Stolzite.  541 

Strahlerz.  v.  Clinoclaaite 
Snahlkies,  303 
Stnihlstein,  400 
Sirutopeite,  396 
Stream  tin,  344 
Strengite.  510 
Strigovite,  476 
Stromeyerite,  290 
Strontianite,  362 
Strontianocalcite,  856 
Strontium  carbonate,  862 

silioite,  454 

sulphate.  526 
Struvite.  507 
StQtzite.  286 
Stylotypite,  310 
Succinic  ncid,  548 
Succinite.  543 ;  416 
Sulfoborite.  521 

SCLPHANTIMONATES,  815 
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SULPHAlifTIM0NIT£8,  306 

8ulphak8knate6»  315 
sulpharsbnitkb,  306 
sulpuateb.  523 
Sulphides,  282 
8ulphobismuthite8,  806 
Sulpbohalite,  530 

SULPHOSTANNATES,  815 

Sulphur,  378 
Suiidtiie.  306 
Suustone,  378 
Susunuite.  529 
Stissi'xite.  518 
Sval>iie,  501 
Svanbergite.  516 
Syclinodyniitf.  '^96 
Svlvanite.  :so4 
Sylviie  Sylviue,  318 
Symplesile.  508 
Syiiadelpliite.  506 
Syiigeiiite.  '>34 
Syiiiugmatite,  100 
bzaboitc,  386 
Szaibelyite,  518 
Szuiikite.  581 


Tabasbecr,  1 
Tubular  spar,  394 
Tacbbydrite.  823 
Tucbybydrile,       Tacbydrite, 

323 
TiKnile,  281 
Tafelspatb,  394 
Tiigilitc,  511 
Talc,  479 
Talkeisenerz,  340 
Talktripliie,  502 
Tnllingite.  323 
Tallow,  Miuenil.  548 
Tantalates,  489 
Tantalite,  490 
Tnpalpite,  310 
Tapiolite,  492 
Tarnowitzile,  361 
Tasmaulle,  544 
Tavistockite.  506 
Taylorite.  523 
Tellur,  275 
Tellurates,  588 
Tellurbismutb.  284 
Tellurblet,  v.  Altalte.  288 
Telluric  wismutb,  284 
Tellukides,  288  et  seq. 
Tellurite,  330 
Tellurites,  538 
Tellurium,  275 
Tellurium  oxide.  380 
Tellurnickel,  297 
Tellursilber,  v.  Hessite,  289 
Telbirwismutb,  284 
Tengerite,  867 
Tenuantite,  818 


Tenorite.  332 
Tepbroite,  422 
Tescbemacberite,  364 
Tesseralkies,  o.  Skutterudite, 

302 
Tetradymite,  284 
Tetrabcdrito,  312 
Thai  lite.  439 
Thallium  seleuide,  289 
Thaumasite,  483 
Tbenardiie  528 
Tberiuonairite,  366 
Tbermophyllite,  478 
Tbinolile.  357 
Tbiorsauite,  380 
Tbomseiiolite,  ;j28 
Tbomsoui'e,  4d2 
Tbonerde,  v.  Aluminium 
Thorite,  430 

Tboriuui  silicate,  430,  437 
Tlion>guniuiite.  522 
Tbulite,  4;8 
Thuriugite,  475 
TicmaDuite,  292 
Tiger-eye.  326,  404 
Tilasite,  502 
Tile  ore.  331 
Tilkerodite,  288 
Tin,  Native,  280 
Tin  borate,  5L8 

oxide,  344 

sulphide,  315 
Tiu  ore,  Tin  stone,  844 
Tin  pyrites,  315 
Tincal.  520 
Tinkal.  ^20 
Tirollte,  511 
Titan  AXES,  485 
Tiiaueisen,  336 
Titanic  iron  ore,  336 
Titaiiite,  485 

Titanium  oxide,  345,  846,  847 
TiUinomorpbite,  486 
Topaz,  431 

Fiilse,  326 

Oriental.  838 
Topazolite,  417 
Torbanite,  546 
Torbernlte,  515 
Touchstone.  327 
Tourmaline,  447 
Traversellite,  389 
Travertine,  356 
Tremolite.  400 
Trichalcite,  508 
Tridymite,  828 
Trimerite,  424 
Triphane.  398 
Triphyline.  496 
Triphylite.  496 
Triplite.  502 
Triploidite.  502 
Tri|>o]ite.  329 
Trippkeite.  516 


Tripubyhe,  516 
Tritochorite.  505 
Tritomite,  407 
TrOgerile.  515 
Troilite,  298 
Troll eile.  518 
Trona,  367 
Troostite,  428 
Tscbeffkinite,     Tschewkinit, 

487 
Tschermigite,  585 
Tufa,  Calcareous,  856 
Tungsten  trioxide,  330 
Tungstite,  830 
Turgite,  350 
TUrkis.  512 
Turmalin,  447 
Turnerite.  495 
Turquois.  Turquoise,  512 
Tyrite,  490 
Tyrolite.  511 
Tysonite,  321 

U 

Ulntahite.  Uintaite,  545 
Ulexite,  520 
Ullmannite,  802 
Ultramarine,  418 
Umangite,  289 
Unionite,  438 
Uracouise,  Uraconite,  588 
Uralite,  401 
UUANATES,  521 
Uraninite,  521 
Uranite,  515 
Uranium  arsenate,  515 

carbonates,  867 

niobates.  492.  498 

phosphates.  515 

silicates,  483 

sulphate,  588 
Uranmica,  515 
Unmocircite,  515 
UranoDiobite,  521 
Uniuophane,  488 
Uranopilite,  588 
Uranosphserile.  522 
Uranospinile,  515 
Uranothallite,  867 
Uranotil.  488 
Uranpecherz,  521 
Urao,  867 
Urban  ite,  889 
Urpethite,  548 
Urusite,  537 
Utahite.  586 
Uvarovite,  Uwarowit,  417 


Vaalite,  476 
Valencianite,  872 
Valentinite,  880 
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Vi'nudiubleierz. «.  Vanadinite 

Vanudinite,  500 

Viinadium  silicate,  470 

Variegated  copper  ore,  297 

Vnriscite,  610 

VaiiqiieliDite,  529 

Velvet  copper  ore,  «.  Lett- 
somite 

Venushnirstone,  345 

Verd-antique,  477 

Vermiculitbs,  476 

Vermilion,  v.  CiDoabar 

Vesuyiauite,  427 

Veszelyite,  511 

Viliiite.  428 

ViolaD.  889 

Vitreous  copper,  v.  Chalcocite 
silver,  v.  Argeniite 

Vitriol,  Blue,  etc. 

Vitriol  bleierz,  527 

Vivinuite,  608 

Voglianite,  688 

Vogllte.  867 

Volborthite,  511 

Voltnite,  587 

Voltzite.  Voltzine,  805 

Vulpinite,  628 

W 

Wad.  352 
Wagnerite,  502 
Walkpiile.  395 
Walpurgite,  515 
Waluewite,  471 
Wiippleriie,  610 
Wardite,  512 
Wariugtoniie,  530 
Warreuite,  308 
Wnrrin^tonite,  530 
Warwickite,  519 
Wushingtoniie.  387 
Wassersapphir,  v.  lolite 
Wavellite.  512 
Webnerite,  808 
Websterite.  587 
Webrlite.  285 
Weissbleierz,  363 
WeissgQltigerz,  818 
Wellsite.  455 
Wernorite,  425 
Wheel  ore,  810 
Whewellite.  542 
White  autimony,  880 


White  arsenic,  880 

garnet,  v.  Leucite 

iron  pyrites,  802 

lead  ore,  363 
Whitiieyite,  286 
Willemite,  422 
Willyamite,  302 
Wiisonite,  466 
Wiluite.  428 
Wiserine,  847 
Wismuth,  «.  Bismuth 
Wismutbantimonnickel- 

glanz.  802 
Wismuthblende,  414 
Wismuthglanz,  284 
Wismuthspath,  867 
Withamite,  489 
Witheiite,  362 
Wittichenite.  310 
Wocheinite,  851 
Wfihlerite.  895 
WolfAchite,  804 
Wolfrnm.  539 
Wolframite.  589 
Wolfsbergite,  808 
Wollnstouite,  894 
Wolnyn.  525 

Wood,  Fossil,  Petrified,  827 
Wood  copper.  504 
Wood  opai,  829 
Wood  tin,  844 
W5rthite,  434 
Wulfeuite,  541 
Wftrfelei-z,  v.  Pharmacosider- 

ite 
Wurtzite,  295 


Xnntharsenite,  505 
Xauthocoiiile.  315 
XanthophYllite,  471 
Xnnlhosiderite,  350 
Xenolile,  434 
Xenotime,  494 


Yellow  copper  ore,  297 

lead  ore,  541 
Yen  ite,  445 
Yttergranat,  417 
Ytirlalite.  437 
Yttrium  carbonate,  867 


Yttrium  niobates,  490,  ft 
phosphates,  494,  509 
silicates,  487 
Yttroterite,  828 
Yttrocolumbite,  «.  Yttr 

ttilite,  492 
Yttrogummite,  522 
Yttrotantalite,  492 


Zaratite.  867 

Zboliteb,  453 

Zepharovichite,  510 

Zeunerite,  515 

Zeigelerz,  881 

Zietrisikile.  548 

Zinc,  Native.  275 

Red  Oxide  of,  882 

Zinc  alumiiiate.  889 
arsenates,  505,  509 
carbonates,  860 
oxide,  382,  889 
oxy sulphide,  805 
phosphate.  507 
silicates,  422,  446,  44 
sulphates,  528,  588 
sulphides,  291,  295 
vanadate,  505 

Zinc  blende,  291 

Zinc  ore.  Red,  882 

Ziucaluminite,  588 

Zincite,  882 

Zinckenite,  807 

Zincocalcite,  856 

Zinkblende,  291 

Zinkenite,  307 

Zinkosite,  528 

Zinkspnth,  860 

Zinnerz,  844 

Ziunkies.  815 

Zinnober,  293 

Zinnstein.  344 

Zinnwaldite.  467 

Zippeite.  538 

Zircon,  429 

Zirconium  dioxide,  846 
silicate,  429;  895 

Zirkelite.  846 

Zoisite,  437 

Zorgite,  289 

Zunyite,  414 

Zwiesclite,  602 
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AGRICULTURE. 

Cattle  Feeding — Daiky  Pkactice— Diseases  of  Animals — 

Gardening,  Houticulture,  Etc. 

Arinsby's  Manual  of  Cattle  Feculiug 12mo,  $1  75- 

Budd  and  Hudscd,  American  Horticulture  Manual,  .(in  pr«M.) 

Downiug's  Fruit  ami  Fruit  Trees 8vo,  5  00 

Groteufell's  The  Principles  of  Modern  Dairy  Practice.     (Woll.) 

12mo,  2  00 

Kemp's  Landscape  Gardening 12mo,  2  50 

Mnyuard's  Landscape  Gardening 12mo,  1  50 

Steel's  Treatise  on  the  Diseases  of  tbe  Dog 8vo,  3  50 

•*      Treatise  on  the  Diseases  of  the  Ox 8vo,  6  00 

Stockbridge's  Rocks  and  Soils 8vo,  2  50 

Woll's  Handbook  for  Farmers  and  Dairymen 12mo.  1  50 

ARCHITECTURE. 

Building — Carpentry— Stairs — Ventilation — Law,  Etc. 

Birkmire's  American  Theatren— Planning  and  Construction.  8*.  o  8  00 

Architectural  Iron  and  Steel 8vo,  3  50 

Compound  Riveted  Girders 8vo,  2  00 

Skeleton  C*onstruction  in  Buildings 8yo,  3  00 
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4  00 

3  00 

2  50 

2  50 

1  00 

1  50 

5  00 

75 

4  00 

5  00 

4  00 

6  00 

6  50 

1  25 

1  00 

Birkmire's  PUnning  and  Construction  of  High  Office  Buildings. 

8to, 

Briggs'  Modern  Am.  School  Building 8vo. 

CnrpcDter's  Heatiug  and  Ventilating  of  Buildings 8yo, 

Preitag's  Architectural  Engineering 8vo, 

"        The  Fireproofing  of  Steel  Buildings 8vo, 

Gerhard's  Sanitary  House  Inspection 16mo, 

**        Theatre  Fires  and  Panics 12mo, 

Hatfield's  American  House  Carpenter 8yo, 

Holly's  Carpenter  and  Joiner 18mo, 

Kidder's  Architect  and  Builder's  Pocket-book. .  .16mo,  morocco, 

Merrill's  Stones  for  Building  and  Decoration 8vo, 

Monckton's  Stair  Building — Wood,  Iron,  and  Stone 4to, 

Wait's  Engineering  and  Architectural  Jurisprudence 8vo, 

Sheep, 
Worcester's  Small  Hospitals — Establishment  and  Maintenance, 
including  Atkinson's  Suggestions    for   Hospital  Archi- 
tecture    12mo, 

*  World's  Columbian  Exixwition  of  1898 Large  4to, 

ARMY,  NAVY,  Etc. 

Military  En ginbering— Ordnance — Law,  Etc. 

*Bruff's  Ordnance  and  Gunnery > 8vo, 

Chase's  Screw  Propellers 8vo, 

Cronkhite's  Gunnery  for  Non-com.  Officers 32mo,  morocco, 

*  Davis's  Treatise  on  Military  Law 8vo, 

Sheep, 

*  "      Elements  of  Law 8vo, 

De  Brack's  Cavalry  Outpost  Duties.     (Carr.). . .  .82mo,  morocco, 
Dietz's  Soldier's  First  Aid 16mo,  morocco, 

*  Dredge's  Modern  French  Artillery Large  4to,  half  morocco, 

*  "         Record  of  the  Transportation   Exhibits   Building, 

World's  Columbian  Exposition  of  1898..4to,  half  morocco, 

Durand's  Resistance  and  Propulsion  of  Ships 8vo, 

♦Fiebeger's    Field  Fortification,   including  Military  Bridges, 
Demolitions,  Encampments  and  Communications. 

Large  12mo, 

Dyer's  Light  Artillery 12mo,      8  00 
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6  00 

8  00 

2  00 

7  00 

7  50 

2  50 

2  00 

1  25 

16  00 

5  00 

500 

HofTs  Naval  Tactics 8vo, 

♦Ingalls's  Ballistic  Tables 8vo. 

Handbook  of  Problems  in  Direct  Fire 8?o, 

Mahan's  Permanent  Fortifications.  (Mercur.)*8vo,  lialf  morocco, 

*  Mercur's  Attack  of  Fortified  Place's 12mo, 

*  "        ElemenU  of  the  Art  of  War 8vo, 

Metcalfe's  Ordnance  and  Gunnery 12mo,  with  Atlas, 

Murray's  A  Manual  for  Courts-Martial 16mo,  morocco, 

**       Infantry  Drill  Regulations  adapted  to  the  Springfield 
liifle,  Caliber  .45 82mo,  paper, 

*  Phelps's  Practical  Marine  Surveying 8vo, 

Powell's  Army  Officer's  Examiner 12mo, 

Sbarpe's  Subsisting  Armies 82mo,  morocco, 

Wheeler's  Siege  Operations 8vo, 

Winthrop's  Abridgment  of  Military  Law Idmo, 

WoodhuU's  Notes  on  Military  Hygiene 16mo, 

Young's  Simple  Elements  of  Navigation  16mo,  morocco. 

first  edition 

ASSAYING. 

Smelting — Obe  Drebsino— Alloyb,  Etc. 

Fletcher's  Quant.  Assaying  with  the  Blowpipe..  16mo,  morocco,  1  60 

Furman's  Practical  Assaying 8vo,  3  00 

Kunhardt's  Ore  Dressing 8vo,  1  50 

O'Driscoll's  Treatment  of  Gold  Ores 8vo,  2  00 

Ricketts  and  Miller's  Notes  on  Assaying 8vo,  8  00 

Thurston's  Alloys.  Brasses,  and  Bronzes 8to,  2  50 

Wilson's  Cyanide  Processes 12mo,  1  -50 

The  Chlorination  Process 12mo,  1  50 
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4  00 

7  50 

2  00 

4  00 

5  00 

1  50 

10 

2  50 

4  00 

1  50 

2  00 

2  50 

1  50 

2  00 

1  00 

ASTRONOMY. 

Practical,  Theoretical,  and  Dbbcriftiye. 

Craig's  Azimuth 4to,  8  50 

Doolittle's  Practical  Astronomy 8vo,  4  00 

Gore's  Elements  of  Geodesy 8vo,  2  50 

Hay  ford's  Text- book  of  Geodetic  Astronomy 8vo.  3  00 

*  Michie  and  Harlow's  Pmctical  Astronomy 8vo,  3  00 

♦White's  Theoretical  and  Descriptive  Astronomy 12mo,  2  00 
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BOTANY. 

Gardening  fuk  Ladies,  Etc. 

Baldwin's  Orchids  of  New  England Small  8vo,  $1  50 

Thome's  Structural  Botany 16mo,  2  25 

Westermaier's  General  Botany.     (Schneider.) 8vo,  2  00 

BRIDGES,  ROOFS,   Etc. 

Cantilever — Draw — Highway — Subpknsion. 

{See  also  Engineering,  p.  7.) 

Boiler's  Highway  Bridges 8vo,  2  00 

*  "      The  Thames  River  Bridge 4to,  paper,  6  00 

Burr's  Stresses  in  Bridges 8vo,  8  50 

Orehore's  Mechanics  of  the  Girder 8vo,  5  00 

Dredge's  Thames  Bridges 7  parts,  per  part,  1  25 

Du  Bois's  Stresses  in  Framed  Structures Small  4to,  10  00 

Foster's  Wooden  Trestle  Bridges 4to,  5  00 

Greene's  Arches  in  Wood,  etc 8vo,  2  50 

Bridge  Trusses 8vo,  2  50 

Roof  Trusses 8vo,  1  25 

Howe's  Trejitise  on  Arches 8vo,  4  00 

Johnson's  Modern  Framed  Structures Small  4to,  10  00 

Sierriman    <&   Jacoby's    Text-book    of    Roofs    and    Bridges. 

Part  I.,  Stresses 8vo,  2  50 

Herriman    &   Jacoby's    Text-book    of    Roofs    and     Bridges. 

Part  II.,  Graphic  Statics 8vo,  2  50 

Merriman   &    Jacoby's    Text-book   of    Roofs    and     Bridges. 

Part  III.,  Bridge  Design Svo,  2  50 

Merriman    &  Jacoby's    Text- book    of    Roofs    and    Bridges. 

Part  lY.,  Continuous,  Draw,  Cantilever,  Suspension,  and 

Arched  Bridges 8vo,  2  50 

♦  Morlson's  The  Memphis  Bridge Oblong  4to,  10  00 

Waddell's  Iron  Highway  Bridges 8vo,  4  00 

De  Pontibus  (a  Pocket-book  for  Bridge  Engineers). 

16mo,  morocco,      8  00 

Specifications  for  Steel  Bridges (In  pregs.) 

Wood's  Construction  of  Bridges  and  Roofs 8vo,      8  00 

Wright's  Designing  of  Draw  Spans.     Parts  I.  and  II..8vo,  each      2  60 

"  "         "     '•  •'         Complete Svo,      3  50 
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CHEMISTRY— BIOLOGY—PHARMACY— SANITARY  SCIENCE. 

Qualitative^— Quantitative— Organic— Inorganic,  Etc. 

AdriaDce*s  Laboratory  Calculations 12mo. 

Allen's  Tables  for  Iron  Analysis 8vo, 

Ausleu's  Notes  for  Chemical  Students 12mo, 

Bolton's  Student's  Guide  in  Quantitative  Analysis 8vo, 

Bolt  wood's  Elementary  Electro  Chemistry {In  the  press.) 

Classen's  Analysis  by  Electrolysis.  (Ilerrick  and  Boltwood.).8vo, 

Cohn's  Indicators  and  Test-papers 12mo 

Crafts's  Qualitative  Analysis.     (Scbaeffer.) 12mo, 

Davenport's  Statistical  Methods  with  Special  Reference  ho  Bio- 
logical Variations 12mo,  morocco, 

Drechsel's  Chemical  Heactions.    (Merrill.) 12mo, 

Erdmann's  Introduction  to  Chemical  Preparations.     (Dunlap.) 

12mo, 

Fresenius's  Quantitative  Chemical  Analysis.    (Allen.) Svo. 

Qualitative  '*  "  (Johnson.) Svo, 

(Wells.)         Trans. 

16th  German  Edition Svo, 

Fuertes's  Water  and  Public  Health 12mo, 

Gill's  Gas  and  Fuel  Analvsis 12mo, 

Hammarsten's  Physiological  Chemistry.   (Mandel.) Svo, 

Helm's  Principles  of  Mathematical  Chemistry.    (Morgan).  12mo, 

Hopkins'  Oil-Chemist's  Hand-book Svo, 

Ladd's  Quantitative  Chemical  Analysis 12mo, 

Landauer's  Spectrum  Analysis.     (Tingle. ) Svo, 

LOb*s  Electrolysis  and  Electrosynthesis  of  Organic  Compounds, 

(Lorcnz.) 12mo, 

Mrndcl's  Bio-chemical  Laboratory 12mo, 

Mason's  Water-supply ^ Svo, 

*'      Examination  of  Water 12mo, 

Meyer's  liadicles  in  Carbon  Compounds.  (Tingle.) 12mo, 

Mixter's  Elementary  Text-book  of  Chemistry 12mo, 

Morgan's  The  Theory  of  Solutions  and  its  Results 12mo, 

' '         Elements  of  Physical  Chemistry 1 2mo, 

Nichols's  Water-supply  (Chemical  and  Sanitary) Svo, 

O'Brine's  laboratory  Guide  to  Chemical  Analysis Svo, 

Pinner's  Organic  Chemistry.     (Austen.) 12mo, 

Poole's  Calorific  Power  of  Fuels Svo, 

Richards's  Cost  of  Living  as  Modified  by  Sanitary  Science..  12mo. 

"        and  Woodman's  Air,  Water,  and  Food. Svo. 

Ricketts  and   Russell's  Notes  on   Inorganic  Chemistry  (Non- 
metallic)  Oblong  Svo,  morocco. 

Ricleal's  Sewage  and  the  Bacterial  Purification  of  Sewage... Svo, 
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1  50 
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1  00 
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8  50 

Racldimau's  Incompatibilities  in  Prescriptions 8vo,  |3  00 

Scbimpf  6  Volumetric  Auulysis ^2mo,  2  50 

Spencer's  Sugar  Mauufacturer's  Handbook 16mo.  morocco,  2  00 

*'  Handbook    for    Chemists    of  Beet    Sugar   Houses. 

16mo,  morocco,  8  00 

Stockbridgfc's  Rocks  and  Soils 8vo,  2  50 

*  Til  I  man's  Descriptive  General  Chemistry 8vo,  8  00 

Van  Deventer's  Physical  Chemistry  for  Beginners.    (Boltwood.) 

12mo,  1  50 

Wells's  Inorganic  Qualitative  Analysis 12mo,  1  50 

"      Laboratory  Guide  in  Qualitative  Chemical  Analysis. 

8vo,  1  50 

Whipple's  Microscopy  of  Drinking-water 8vo,  8  50 

Wiecbmann's  Chemical  Lecture  Notes 12rao,  8^00 

Sugar  Analysis Small  8 vo,  2  50 

Wulling's  Inorganic  Phar.  and  Med.  Chemistry 12mo,  2  00 
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DRAWING. 

Elementary — Geometrical — Mechanical — Topographical. 

Hill's  Shades  and  Shadows  and  Perspective 8vo,  2  00 

MacCord's  Descriptive  Geometry 8vo,  8  00 

Kinematics , 8vo,  5  00 

Mechanical  Drawing 8vo,  4  00 

Mahnn's  Industrial  Drawing.    (Thompson.) 2  vols.,  8vo,  3  50 

Itcetl's  Topogmphical  Drawing.     (H.  A.) 4to,  5  00 

Koid's  A  Course  in  Mechanical  Drawing 8vo.  2  00 

•'      Mechanical  Drawing  and  Elementaiy  Machine   Design. 

8vo.  8  00 

Smith's  Topographical  Drawing.     (Macmillan.) 8vo,  2  50 

Warren's  Descriptive  Geometry 2  vols.,  8vo,  8  50 

Drafting  Instruments 12mo,  1  25 

Freehand  Drawing 12mo,  1  00 

Linear  Perspective 12mo,  1  00 

*'        ]Vrachinc  Construction 2  vols.,  8vo,  7  50 

Plane  Problems 12mo,  1  25 

Primary  Geometry 12mo,  75 

Problems  and  Theorems 8vo,  2  50 

Projection  Drawing 12mo,  1  50 

Shades  and  Shadows 8vo.  8  00 

Stercotomy— Stone-cutting 8vo,  2  50 

Whelpley's  Letter  Engraving 12mo,  2  00 

Wilson's  Free-hand  Perspective (In  preu,) 
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ELECTRICITY  AND  MAONETISM. 

Illumination— Batteries — Physics— Railways. 

Antbouy  and  Brackett's  Text- book  of  Physics.    (Magui)  Small 

8yo.  $8  00 

Anthony's  Theory  of  Electrical  Measurements 12mo,  1  00 

Barker's  Deep-sea  Soundings 8vo,  2  00 

Benjamin's  Voltaic  Cell 8vo.  3  00 

History  of  Electricity 8vo,  8  00 

Classen's  Analysis  by  Electrolysis.   (Heriick  and  Boltwood.)  8vo,  8  00 
Crehore  and  Squier's  Experiments  with  a  New  Polarizing  Photo- 

Chrouograph 8vo,  8  00 

Dawson's  Electric  Railways  and  Tramways.     Small,  4to,  half 

morocco,  12  60 

*  **  Engineering"  and  Electric  Traction  Pocket-book.      16mo, 

morocco,  5  00 

*  Dredge's  Electric  Illuminations 2  vols.,  4to,  half  morocco,  25  00 

Vol.11 4to,  7  60 

Gilbert's  De  magnete.    (Mottelay.) 8vo,  2  60 

Holman's  Precision  of  Measurements 8vo,  2  00 

'*         Telescope-mirror-scale  Method Large  8vo,  75 

Lob's  Electrolysis  and  Elcctrosyn thesis  of  Organic  Compounds. 

(Lorenz.) 12mo,  1  00 

♦Michie's  Wave  Motion  Relating  to  Sound  and  Light 8vo,  4  00 

Morijau's  The  Theory  of  Solutions  and  its  Results 12mo,  1  00 

Niaudet's  Electric  Batteries     (Fishback.) .12mo,  2  60 

Pratt  and  Alclen's  Street-railway  Road-beds 8vo.  2  00 

Reatran's  Steam  and  Electric  Locomotives 12mo,  2  00 

Thurston's  Stationary  Steam  Engines  for  Electric  Lighting  Pur- 
poses    8vo,  2  60 

♦Tillman's  Heat 8vo,  1  60 

'I'ory  «fc  Pitcher's  Laboratory  Physics {In  press) 

ENQINEERINa 

■ 

Civil — Mechanical — Sanitary.  Etc. 
[See  also    Bridges,   p.  4;  Hydraulics,   p.   9;  Materials  of  Ek* 

GINEERING,  p.    10  ;   MECHANICS  AND  MACHINERY,  p.  12  ;  StBAH 

Engines  and  Boilers,  p.  14.) 

Baker's  Masonry  Construction ....,,..  .8vo,  6  00 

"        Surveying  Instruments !12mo,  3  00 

Black's  U.  S.  Public  Works Oblong  4to,  5  00 

Brooks's  Street-railway  Location 16mo,  morocco,  1  60 

Butts's  Civil  Engineers'  Field  Book 16mo,  morocco,  2  50 

Byrne's  Highway  Construction 8vo,  5  00 
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Byrne's  Inspection  of  Mntcrials  nnd  Workniansbip 16mo,  $3  00 

Carpenter's  Experimental  Engineering 8vo,  6  OU 

Oliunth's  Mechanics  of  Engineering — Solids  and  Fluids 8vo,  0  00 

"       Notes  and  Examples  in  Mechanics 8vo,  2  00 

Crandall's  Earthwork  Tables 8vo,  1  50 

The  Transition  Curve 16mo,  morocco,  1  50 

*Dreflge's    Penu.    Railroad    Construction,    etc.      Large     4to, 

half  morocco,  ^10;  paper,  5  00 

*  Drinker's  Tunnelling 4to,  half  morocco,  25  00 

Eissler's  Explosives — Nitroglycerine  and  Dynamite Svo,  4  00 

Frizell's  Water  Power {In  press,) 

Folwell's  Sewerage Svo.  3  00 

'*        Water-supply  Engineering Svo,  4  00 

Fowler's  Coffer-dam  Process  for  Piers , .  Svo.  2  50 

Gerhard's  Sanitary  Ilouse  Inspection 12mo,  1  00 

Godwin's  I^ilroad  Engineer's  Field-book 16mo,  morocco,  2  50 

Gore's  Elements  of  Geodesy Svo,  2  50 

Howard's  Transition  Curve  Field-book 16mo,  morocco,  1  50 

Howe's  Retaining  Walls  (New  Edition.) 12mo,  1  25 

Hudson's  Excavation  Tables.     Vol.  II Svo,  1  00 

Ilutton's  Mechanical  Engineering  of  Power  Plants Svo,  5  00 

Heat  and  Heat  Engines Svo,  5  00 

Johnson's  Materials  of  Construction Large  Svo,  6  00 

**         Theory  and  Practice  of  Surveying Small  Svo,  4  00 

Kent's  Mechanical  Engineer's  Pocket-book ICmo,  morocco,  5  00 

Kiersted's  Sewage  Disposal 12mo,  1  25 

Mahan's  Civil  Engineering.     (W'ood.) Svo,  5  00 

Merriman  and  Brooks  Handbook  for  Surveyoi-s 16mo,  mor.,  2  00 

Merriman's  Precise  Surveying  and  Geodesy Svo,  2  50 

"          Sanitary  Engineering Svo,  3  00 

Nagle's  Manual  for  Railroad  Engineers 16mo,  morocco,  3  00 

Ogdcn's  Sewer  Design 12mo,  2  00 

Pattern's  Civil  Engineering Svo,  half  morocco,  7  50 

Palton's  Foundations Svo,  5  00 

Philbrick's  Field  Manual  for  Engineers (/w  press.) 

Pratt  and  Alden's  Street-railway  Road-beds Svo,  2  00 

Rockwell's  Roads  and  Pavements  in  Fi-ance 12mo,  1  25 

Schuyler's  Reservoira  for  Irrigation Large  Svo.    {Fn  press.) 

Searles's  Field  Engineering  ....   16mo,  morocco,  3  00 

Railroad  Spiral 16mo,  morocco,  1  50 

Siebert  and  Biggin's  Modern  Stone  Cutting  and  Masonry. .  .Svo,  1  50 

Smart's  Engineering  Laboratory  Practice 12mo,  2  50 

Smith's  Wire  Manufacture  and  Uses Small  4to,  8  00 

Spalding's  Roads  and  Pavements 12mo,  2  00 

*•         Hydi-aulic  Cement '.12mo,  2  00 
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Taylor's  Prismoid:il  Foruiuhis  and  Earthwork 8vo,  $1  50 

Tliiirstou'e  Materials  of  Couslructlon  Svo,  5  00 

Tillson's  Street  Pavements  and  Paving  Materials.. 8vo.  {In  jrress.) 

*  Trautwiue's  Civil  Engineer's  Pocket-book 16mo,  morocco,  5  00 

*  "           Cross-section Sheet,  25 

*  •*           Exciivatious  and  Embankments 8vo,  2  00 

*  "           Laying  Out  Curves 12mo,  morocco,  2  50 

"VVadddls  De  Poniibus  (A  Pocket-book  for  Bridge  Engineers). 

16mo,  morocco,  3  00 

Wait's  Engineering  and  Architectural  Jurisprudence 8vo,  6  00 

Sheei>,  6  50 

"      Law  of  Field  Operation  in  Engineering,  etc. .  ,{In  press.) 

Warren's  Stereotomy — Stone-cutting 8vo,  2  50 

Webb's  Engineering  Instruments.  New  Edition.  16mo,  morocco,  1  25 

*'      Railroad  Construction 8vo,  4  00 

AVegmann's  Construction  of  Masonry  Dams 4to,  5  00 

AVelliugton's  Location  of  Railways Small  8vo,  5  00 

Wheeler's  Civil  Engineering 8vo,  4  00 

Wilson's  Topographical  Surveying 8vo,  3  50 

Wolff's  Windmill  as  a  Prime  Mover 8vo,  8  00 

HYDRAULICS. 

AVaTEII- WHEELS — WlNDMILLS — SkUVICE   PiPE — DUAINAGE,  EtC. 

(See  also  Enoineekino,  p.  7.) 

Bazin'u  Experiments  upon  the  Contmction  of  the  Liquid  Vein. 

(Trautwine.) 8vo,  2  00 

Bovey 's  Treatise  on  Hydraulics 8vo,  4  00 

Colhn's  Graphical  Solution  of  Hydraulic  Problems 12mo,  2  50 

Fcrrel's  Treatise  on  the  Winds,  Cyclones,  and  Tornadoes. .  .8vo,  4  00 

Fol well's  Water  Supply  Engineering 8vo,  4  00 

Fuertes's  AVater  and  Public  Health 12mo,  1  50 

Ganguillet  &  Kutter's  Flow  of  Water.     (Hering  &  Trautwine.) 

8vo,  4  00 

Hazen's  Filtration  of  Public  Water  Supply 8vo,  3  00 

Uerschel's  115  Experiments 8v(),  2  00 

Kiersled's  Sewage  Disposal 12mo,  1  25 

Mjison's  Water  Supply 8vo,  5* 00 

"    Examination  of  Water 12mo,  1  25 

Merriman's  Treatise  on  Hydraulics 8vo,  4  00 

Nichols's  AVater  Supply  (Chemical  and  Sanitary) 8vo,  2  50 

Turneaure  and  RusselPs  Water-supply {In  press.) 

Wegmaun's  Water  Supply  of  the  City  of  New  York 4to,  10  00 

Weisbach's  Hydraulics.     (Du  Bois.) 8vo,  5  00 

Whipple's  Microscopy  of  Drinking  Water 8vo,  3  50 
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Wilson's  Irrigation  Engineering. ...   8vo,  $4  00 

"       Hydraulic  and  Placer  Mining 12mo.  2  00 

Wolff's  Windmill  as  a  Prime  Mover 8vo,  3  00 

Wood's  Theory  of  Turbines 8vo.  2  50 

LAW. 

Architecture — Engineering — Military. 

Davis's  Elements  of  Law 8vo;  2  50 

••      Treatise  on  Military  Law 8vo,  7  00 

Sheep,  7  50 

Murray's  A  Manual  for  Courts-martial 16mo,  morocco,  1  50 

Wait's  Engineering  and  Architectural  Jurisprudence 8vo,  6  00 

Sheep,  6  50 

'•     Laws  of  Field  Operation  in  Engineering {In  presi.) 

Winthrop's  Abridgment  of  Military  Law 12mo,  2  50 

MANUFACTURES. 

Boilers— Explosives— Iron— Steel— Sugar — Woollens,  Etc. 

Allen 's.Tables  for  Iron  Analysis 8vo,  3  00 

Beaumont's  Woollen  and  Worsted  Manufacture 12mo,  1  50 

Bolland's  Encyclopoedia  of  Founding  Terms 12mo,  8  00 

The  Iron  Founder .* 12mo,  2  50 

Supplement 12mo,  2  50 

Bouvier's  Handbook  on  Oil  Painting 12mo,  2  00 

Eissler's  Explosives,  Nitroglycerine  and  Dynamite 8vo,  4  00 

Ford's  Boiler  Making  for  Boiler  Makers 18mo,  1  00 

Metcalfe's  Cost  of  Manufactures 8vo,  5  00 

Metcalf 's  Steel— A  Manual  for  Steel  Users 12mo,  2  00 

*  Rcisig's  Guide  to  Piece  Dyeing 8vo,  25  00 

Spencer's  Sugar  Manufacturer's  Handbook  . . .  .16mo,  morocco,  2  00 
"        Handbook    for    Chemists    of    Beet    Sugar    Houses. 

16mo,  morocco,  3  00 

Thurston's  Manual  of  Steam  Boilers 8vo,  5  00 

Walke's  Lectures  on  Explosives 8vo,  4  00 

West's  American  Foundry  Practice 12mo,  2  50 

**      Moulder's  Text-book : 12mo,  2  50 

Wiechraann's  Sugar  Analysis Small  8vo,  2  50 

Woodbury's  Fire  Protection  of  Mills 8vo,  2  50 

MATERIALS  OF  ENQINEERINQ 

Strength — Elasticity — Resistance,  Etc. 

{See  also  ENGiNEERmo,  p.  7.) 

Baker's  Masonry  Construction 8vo,  5  00 

Beardslee  and  Kent's  Strength  of  Wrought  Iron 8vo,  1  60 
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7  60 

$5  00 

6  00 

6  00 

10  00 

6  00 

7  50 

7  50 

5  00 

4  00 

1  00 

5  00 

1  25 

2  00 

5  00 

8  00 

2  00 

8  50 

2  50 

2  00 

Bovey's  Strength  of  Materials 8vo, 

Burr's  Elasticity  and  Kesistance  of  Materials 8vc>. 

Byrne's  Highway  Construction 8vo, 

Church's  Mechanics  of  Engineering — 8olids  and  Fluids 8vo, 

Du  Bois's  Stresses  in  Framed  Structures Small  4to, 

Johnson's  Materials  of  Construction 8vo. 

Lanza's  Applied  Mechanics 8vo, 

Martens's  Testing  Materials.     (Henning.) 2  yols.,  8vo, 

Merrill's  Stones  for  Building  and  Decoration 8vo, 

MeiTiman's  Mechanics  of  Materials 8vo, 

"  Strength  of  Materials 12mo, 

Patton's  Treatise  on  foundations 8vo, 

Rockwell's  Roads  and  Pavements  in  France 12mo, 

Spalding's  Roads  and  Pavements .12mo, 

Thurston's  Materials  of  Construction 8vo, 

"         Materials  of  Engineering 8  vols.,  8vo, 

Vol.  I.,  Non-metallic  8vo, 

Vol.  n.,  Iron  and  Steel 8vo, 

Vol.  III.,  Alloys,  Brasses,  and  Bronzes 8vo, 

Wood's  Resistance  of  Materials 8vo, 

MATHEMATICS. 

Calculus— Geometry — Trigonombtry,  Etc. 

Baker's  Elliptic  Functions 8vo,  1  50 

*Bns8's  Differential  Calculus 12mo,  4  00 

Briggs's  Plane  Analytical  Oeometry 12mo,  1  00 

Chapman's  Theory  of  Equations 12mo,  1  50 

Comptou's  Logarithmic  Computations 12mo,  1  60 

Davis's  Introduction  to  the  Logic  of  Algebra 8vo,  1  50 

Halstcd's  Elements  of  Geometry c..8vo,  1  75 

"       Synthetic  Geometry 8vo,  150 

Johnson's  Curve  Tracing 12mo,  1  00 

"        Differential  Equations— Ordinary  and  Partial. 

Small  8vo,  8  50 

Integral  Calculus. . .  .T 12mo,  1  50 

Unabridged.    Small  8vo.    (In press.) 

'•        Least  Squares 12mo.  1  50 

*Ludlow*s  Logarithmic  and  Other  Tables.     (Bass.) 8vo,  2  00 

*      •  *        Trigonometry  with  Tables.     (Bass.) 8vo,  8  00 

*Mahan's  Descriptive  Geometry  (Stone  Cutting) 8vo,  1  50 

Merriman  and  Woodward's  Higher  Mathematics 8vo,  5  00 

Merriman's  Method  of  Least  Squares 8vo,  2  00 

Rice  and  Johnson's  Differential  and  Integral  Calculus, 

2  vols,  in  1,  small  8vo,  2  50 
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Rice  and  Jobuson's  DifTereDtiul  Calculus Small  8yo,  |3  00 

"  Abridgment  of  Dlffercutial  Calculus. 

Small  8vo,  1  50 

Totten's  Metrology 8vo,  2  50 

Warren's  Descriptive  Geometry 2  vols.,  8vo,  8  50 

Drafting  Instruments 12mo,  1  25 

Free-band  Drawing 12mo,  1  00 

Linear  Perspective 12mo,  1  00 

Primary  Geometry 12mo,  75 

Plane  Problems 12mo,  1  25 

Problems  and  Theorems 8vo,  2  50 

Projection  Dniwing 12mo,  1  60 

Wood's  Co-ordinate  Geometry 8vo,  2  00 

Trigonometi-y 12mo.  100 

Woolf's  Descriptive  Geometry Large  8vo,  8  00 

MECHANICS-MACHINERY. 

Text-books  and  Practical  Works. 

{See  also  Engineering,  p.  8.) 

Baldwin's  Steam  Heating  for  Buildings...  .* 12mo,  2  50 

Barr's  Kinematics  of  Macbinery 8vo,  2  50 

Benjamin's  Wrinkles  and  Recipes 12mo,  2  00 

Cbordal's  Letters  to  Mecbanics 12mo,  2  00 

Oburcb's  Mecbanics  of  Engineering 8vo,  6  00 

"        Notes  and  Examples  in  Mecbanics 8vo,  2  00 

Crehore's  Mechanics  of  tbe  Girder 8vo,  5  00 

Cromwell's  Belts  and  Pulleys 12mo,  1  50 

Tootbed  Gearing 12mo.  1  50 

Compton's  First  Lessons  in  Metal  Working 12mo,  1  50 

Comptou  and  De  Groodt's  Speed  Lathe 12mo,  1  50 

Dana's  Elementary  Mechanics 12mo,  1  50 

Dingey's  Macbinery  Pattern  Making 12mo,  2  00 

*  Dredge's    Trans.     Exhibits    Building,     World     Exposition. 

Large  4to,  half  morocco,  5  00 

Du  Bois's  Mechanics.    Vol.  I.,  Kinematics 8vo,  8  50 

Vol.  IL.  Statics 8vo,  4  00 

Vol.  IIL,  Kinetics 8vo,  8  50 

Fitzgerald's  Boston  Machinist 18mo,  1  00 

Flatber's  Dynamometers 12mo,  2  00 

Rope  Driving 12mo.  2  00 

Hall's  Car  Lubrication 12mo,  1  00 

Holly's  Saw  Filing 18mo,  75 

Johnson's  Theoretical  Mechanics.     An  Elementary  Treatise. 
(In  the  press.) 

Jones's  Machine  Design.    Part  I.,  Kinematics 8vo,  1  60 
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Jones's  Machine  Design.    Part  II.,  Strength  and  Proportion  of 

Machine  Parts 8vo,  |3  00 

Lanza's  Applied  Mechanics 8vo,  7  50 

MftcCoid's  Kinematics 8vo,  5  00 

Merriman's  Mechanics  of  Materials 8vo,  4  00 

Metcalfe's  Cost  of  Manufactures 8vo,  5  00 

*Michie*s  Analytical  Mechanics 8vo,  4  00 

Ricbards's  Compressed  Air 12mo,  1  50 

Robinson's  Principles  of  Mechanism 8vo,  3  00 

Smith's  Press- working  of  Metals 8vo,  8  00 

Thurston's  Friction  and  Lost  Work 8vo,  8  00 

"         The  Animal  as  a  Machine 12mo,  1  00 

Warren's  Machine  Construction 2  vols.,  8vo,  7  50 

Weisbach's  Hydraulics  and  Hydraulic  Motors.    (Du  Bois.)..8vo,  6  00 
**          Mechanics    of  Engineering.      Vol.    III.,   Part  I., 

Sec.  L    (Klein.) 8vo,  5  00 

Weisbach's  Mechanics    of  Engineering.    Vol.   III.,   Part  I., 

Sec.  IL     (Klein.) 8vo,  5  00 

Weisbach's  Steam  Engines.     (Du  Bois.) ' 8vo,  5  00 

Wood's  Analytical  Mechanics 8vo,  3  00 

Elementary  Mechanics 12mo,  1  25 

Supplement  and  Key 12mo,  1  25 
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METALLURGY. 

Iron— Gold— Silver — Alloys,  Etc. 

Allen's  Tables  for  Iron  Analysis 8vo,  8  00 

Egleston's  Gold  and  Mercury Large  8yo,  7  50 

*•        Metallurgy  of  Silver Large  8vo,  7  50 

*  Kerl's  Metallurgy — Copper  and  Iron 8vo,  15  00 

♦  •*           *•               Steel,  Fuel,  etc 8vo,  15  00 

Kunhardt's  Ore  Dressing  in  Europe 8vo,  1  50 

Metcalf 's  Steel— A  Manual  for  Steel  Users 12mo,  2  00 

O'Driscoll's  Treatment  of  Gold  Ores 8vo,  2  00 

Thurston's  Iron  and  Steel 8vo,  3  50 

Alloys 8vo,  2  60 

Wilson's  Cyanide  Processes 12mo,  1  50 

MINERALOGY  AND  MINING. 

Mine  Accidents — Ventilation— Ore  Dressing,  Etc. 

Barringer's  Minerals  of  Commercial  Value. .  ..Oblong  morocco,  2  50 

Beard's  Ventilation  of  Mines 12mo,  2  50 

Boyd's  Resources  of  South  Western  Virginia 8vo,  3  00 

••      Map  of  South  Western  Virginia Pocket-book  form,  2  00 

Brush  and  Pen  field's  Determinative  Mineralogy.   New  Ed.  8vo,  4  00 
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MISCELLANEOUS  PUBUCATI0N5. 

Alcott's  Gems,  Sentiment,  Language Gilt  edges,  $5  Oi 

Davis's  Elements  of  Law 8vo,  2  00 

Emmon's  Geological  Guide-book  of  the  Rocky  Mountains.  .8vd,  1  50 

FerreVs  Treatise  on  the  Winds 8vo,  4  00 

Haines's  Addresses  Delivered  before  the  Am.  Ry.  Assn.  ..12mo,  2  50 

Motfs  The  Fallacy  of  the  Present  Theory  of  Sound.  .Sq.  IGnio,  1  00 

Richards's  Cost  of  Living 12mo,  1  00 

Ricketts's  History  of  Rensselaer  Polytechnic  Institute 8vo,  S  00 

Rothcrham's    The    New    Testament    Critically    Emphasized.  < 

12mo,  1  50 
*'             The  Emphasized  New  Test.     A  new  translation. 

Large  8vo,  2  00 

Totteu's  An  Important  Question  in  Metrology 8vo,  2  50 

*  Wiley's  Yosemite,  Alaska,  and  Yellowstone 4to,  8  00 

HEBREW  AND  CHALDEE  TEXT-BOOKS. 

For  ScnooLS  and  Theological  Seminakibs. 

Oesenius's  Hebrew  and  Chaldee  Lexicon  to  Old  Testament. 

(Tregelles.) Small  4to,  half  morocco,  5  00 

Green's  Elementary  Hebrew  Grammar 12mo,  1  25 

Grammar  of  the  Hebrew  Language  (New  Edition ).8vo,  8  00 

Hebrew  Chrestomathy 8vo,  3  00 

Letteris's   Hebrew  Bible  (Massoretic  Notes  in  English). 

8vo,  arabesque,  2  25 

MEDICAL. 

Hammarsten's  Physiological  Chemistry.   (Mandel.) Bvo,  4  00 

Mott's  Composition,  Digestibility,  and  Nutritive  Value  of  Food. 

Large  mounted  chart,  1  25 

Ruddiman'8  Incompatibilities  in  Prescriptions Svo,  2  00 

Steel's  Treatise  on  the  Diseases  of  the  Ox 8vo,  6  00 

"      Treatise  on  the  Diseases  of  the  Dog 8vo,  8  50 

Woodhull's  Military  Hygiene 16mo,  1  60 

Worcester's  Small  Hospitals — Establishment  and  Maintenance, 
including  Atkinson's  Suggestions  for  Hospital  Archi- 
tecture  12mo»  1  26 
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